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CYTQTACnW DERIVATIVgS THAT STIMULATE ATTACHMFMT 
AND NEURITE OUTGROWTH. AND METHODS OF MAKIMfi 
AND USING SAME 

5 TECHNICAL FIELD 

The present invention relates to cytotactin proteins, polypeptides, antibodies 
and other cytotactin derivatives useful in the mediation of neuronal attachment and 
enhancement of the outgrowth of neurites, as well as to methods of using same. 
Methods of making the disclosed proteins, polypeptides, antibodies, derh/atives and 
10 related compositions, which have a variety of diagnostic and therapeutic applications, 

are also disclosed. 

BACICGBOUND 

Cytotactin (CT) is a multidomain extracellular matiix (ECM) protein which 
plays a role in cell migration, proliferation, and differentiation during development 

15 (Crossin. et al., J. Cell Biol. 102 : 1 91 7-1 930 (1 9861; Prieto, et al., J. Cell Biol. Ill: 

685-698 (1990]), which may be conuolled by other developmentally important 
genes. The restricted spetiotemporai expression of cytotactin that results from its 
developmental regulation is tightiy linked to a number of cellular primary processes. 
Including adhesion (Grumet, et al.. Proc. Natl. Acad. Sci. USA 82 : 8075-8079 

20 (1985)). migration (Chuong et al.. J. Cell Biol. 104 : 331-342 (1987); Halfter, et al.. 

DflY. Biol. 13?: 14-25 (1989): Tan. et al.. PNAS USA 84 : 7977-7981 (1987)). 
proliferation (Chiquet-Ehrismann. et al.. Cell S3 : 383-390 (1988); Crossin, PMA^ 
iiSMft: 1 1403-1 1407 (1991)). differentiation (Maclcie, et al., J. Cell Binl. 105 ; 
2569-2579 (1987)). epithelial-mesenchymal interactions (Aufdertieide, et al.. J. Cell 

25 fiiflL_lQ&: 2341-2349 (1988): Aufdertieide. et al.. J. Cell Biol. 105: B99-BQfl 

(1 987)), and cell death (Williamson, et al.. Embrvonie DaveloB. Momhol. ?ng; 1 89- 
202(1991)). 

Cytotactin. which is also Icnown as tenascin (TN) (Chiquet-Ehrismann, et al.. 
Cell 47: 131-139 (1986)). Jl 220/200 (Kmss. et al.. Nature 316 ; 146-148 (1985)), 

30 hexabrachion (Ericlcson. et al.. Nature 311 : 267t269 (1984); Gulcher, et al.. PNAS 

USA 86: 1 588-1 592 (1 989)), the glioma-mesenchymal extracellular matrix protein 
(Bourdon, et al.. Cancer Res. 43 : 2796-2805 (1983)), and myotendinous antigen 
(Chiquet et al.. J. Cell Biol. 98 : 1926-1936 (1984)). exists in at least three isoforms 
generated by elternative splicing (Zisch. et al.. J. Cell Btol. 119 : 203 (1992)). The 

3 5 three Icnown chicken CT isoforms, which are composed of polypeptides having 

rnolecular weights of 1 90. 200, and 220 kD have been isolated from chicken brain 
(Grumet, et al., PNAS USA 82 : 8075-8079 (1985)); relative to the 190 kD isoform. 
the 200 kD form contains one, and the 220 kD form contains three, edditional fn 
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type III domains (Zisci,. IsL (1992)). The CT found m other spedea. including human 
and murine CT. for example, exists in a variety of isoforms as well. 

As noted, variation in the polypeptide structure arises from alternative 
spUdnfl of transcripts from a single gene (Jones, et el.. EmSMSASS.: 2186-2190 

5 mm: ■ pMA<:..fiAe6. 1905-1909(1989); Spring, et al.. CfllM: 

325-334 (1 989)). The polypeptides are disulfide-linked to f onn a muttimeric 
structure (Gmmet. et al.. 8075-8079 (1985); Hoffman, et «l.. ±SM 

ffinl. 106 : 51 9-532 (1 988)). Electron microscopy of the rotary-shadowed molecule 
has revealed a characteristic six-am«d structure, called a hexabracWon (Erid«on. et 
10 al.. K..t..r.ai1 : 267-269 (1984); Erickson. et al.. AftY Cflll Biol . 2: 55-90 (1988)). 

in which six polypeptides are linked through disuHide bonds at their ammotemiini. 

The sequence of cytotactin reveals a multidomain stnicture (Jones, et al.. 
EtiAaAJSA^: 1905-1909 (1989): Spring, et .1;. CalL^S: 325-334 (198?)) with 
homologies to three other protein families. The amino-terminal portion contains the 
15 cysteine involved in interchain disulfide bonding, followed by an array of 13 repeats 

of 31 amino acids in length that resemble those found in epidemr^al growth factor 
(EGF). These EGF-like repeats are followed by a variable number of repeats simUar to 
f ibronectin type III repeats. In the chicken, cytotactin polypeptides contain between 
8 and 1 1 type III repeats as a consequence of elternative RNA splidng. Different 
20 variams have been shown to be expressed preferentially at certain times and 

anatomical sites during development (Prieto. et al.. . 1 r,flll ffiOl . 1 11 ^ 685-698 
(1990)) and they may have different binding or morphogenic functions (Kaplony. et 

al.. nnvfll nr "r.-a.^sA ^^2: 605-614 (1991); Matsuoka. et al.. mil PIffflr . 3 2: 

417-424 (1990): fAurphy-Ullridi, et el.. ,1 r.tlH Biftl. 115: 1127^1136 (1991)). 
25 More recently, it has been shown that the third fibronectln type III (CTfn3) 

repeat can mediate RGD-dependent cell attachment via integrins and end 
that the whole molecule bound to a B, integrin but the binding site was not 
detemiined. The carboxy-temiinsl portion of cytotactin is homologous to the distal 
domain of the B and Y chaim, of fibrinogen and contains a putative Ca- binding site. 
30 Early studies of cell attadiment to cytotactin-coated surfaces suggested that 

multiple modes of binding to the molecule existed. For example, fibroblasts bind 
both to intact cytotactin and to . chymotryptic fragment derived from the cartwxy- 
terminal end of the protein (Friedlander. et al.. ! TfH Riol . 107: 2329-2340 (1988)). 
These binding activities are inhibltable by peptides containing the amino acid 
35 sequence arginine-glycine-aspartic add (RGD) and by antibodies to specific regions of 

the cytotactin protein. In contrast to their rounded cell morphology on intact 
cytotactin. cells exhibit a spread morphology on the chymotryptic fragment. Using a 
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variety of recombinant fragments of cytotactin, a smaller region of the molecule has 
been identified as a cell binding site, but no spreading was observed (Spring, et al., 
CfilLfia: 325-334 (1989)). 

In these studies, a fragment in the amino-terminal region containing the EGF 
doinains appeared to prevent cell binding to other substrates. Together, these 
obsen^ations suggested that at least two binding acth/itias are present In intact 
cytotactin. one in the carfooxy-terminal half of the protein, mediating cell attachment 
artd flattening, and one in the amino-terminal portion, responsible for so-called anti- 
adhesive effects (Spring, et al.. £filSS: 325-334 (1989)) and rounding of celts 
exposed to the molecule (Chiquet-Ehrismann, et al.. Call 47: 131-139 (1986); 
Friedlandar. et al.. J. Cell Biol. 107; 232^-2340 (1988)). Studies on the effects of 
cytotactin on neural attachment and neurite outgrowth have suggested at least one 
additional interactive site on the molecule based on antibody inhibition studies 
(Crossln. et al.. Exp. Naurol. 109 : 6-18 (1990); Faissnar. et al.. Neuron S : 627-637 
(1990); Grierson, et al.. Dev. Brain Res. SS : 11-19 (1990); Husmann, at al., J. Cell 
Biol 116; 1475-1486 (1992); Lochter, et al., J. Cell Biol. 1 1 3 : 1 159-1 171 (1991); 
Wehrie, et al.. DflYBlOPmant (Camb.) ITQ: 401-415 (1990». 

BRIEF SUMMARY QF THE INYEffnON 

We have now unambiguously identified the regions of CT responsible for Its 
ability to promote or to inhibit neurite outgrowth, as well as the regions primarily 
responsible for cell attachment and spreading. Understanding which regions of this 
complex protein are responsible for these various functions is essential to determine 
how the protein may affect neural development and regeneration. One working 
hypothesis is thet the inhibition and promotion of neurite outgrowth may be mapped 
to specific domains of the protein and may be modulated by other CT binding 
proteins in the ECM. Fusion proteins have now been generated in the pGEX 
expression system comprising almost the entire linear structure of the protein and 
have now been expressed in bacteria. Other new constructs comprising portions of 
CT. some in unique combinations, are also disclosed herein. 

Using these bacterially-generated fusion proteins, smaller domains within the 
CT protein (e.g., CTfnS) have now been identified that have the ability to promote 
neurite outgrowth. Another major contribution of the within-disclosed invention is 
the comribution to the understanding of the conditions under which CT facilitates or 
inhibits neurite outgrowth and the description of reegents useful in therapeutic 
intervemions to improve neural regeneration. 

Therefore, in one embodiment, the presem invention contemplates a 
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cytotactin (CD polypeptide substantially homologous to at least a portion of the 
protein identified as SEQ ID NO 2 herein, wherein the polypeptide comprises not 
more than 250 amino acid residues in length. In another variation, the CT 
polypeptide is substantially homologous to at least a portion of the protein Identified 
5 Bs SEQ ID NO 4 herein. In various embodiments, the CT polypeptides are capable of 

stimulating neuronal cell attachment, cell elongation. ceU growth, neurite outgrowth, 
or a combination of the foregoing. In an alternative embodiment, a polypeptide of 
the present Invention is capable of stimulating cell attachment to a substrate, or It 
may be incorporated into a bioabsorbable matrix. 
10 The invention further contemplates e polypeptide substantially homologous to 

at least a portion of the protein Identified as SEQ ID NO 2 or SEQ ID NO 4 herein, 
wherein the polypeptide comprises not more than 250 amino add residues in length, 
and wherein the polypeptide comprises a fusion of two or more segments of the 
protein identified as SEQ ID NO 2 or SEQ ID NO 4 herein, hi various alternative 
15 embodiments, the polypeptide has an amino acid residue sequence selected from the 

group consisting of SEQ ID NO 5; SEQ ID NO 6; SEQ ID NO 7; SEQ ID NO 8; SEQ ID 
NO 9: and SEQ ID NO 10. In other variations, the polypeptide Is selected from the 
group consisting of CTfn3, CTfn6, and CTfn3-6. 

The present Invention also contemplates a cytotactin (CTJ polypeptide 
2 0 substantially homologous to at least a portion of the protein identified as SEQ ID NO 

4 herein, wherein the polypeptide comprises not more than 250 amino acid residues 
in length. The various alternetive embodiments and applications described 
hereinabove with respect to SEQ ID NO 2 are also contemplated with regard to SEQ 
ID NO 4. 

25 In yet another embodiment, the present invention contemplates a biological 

material comprising a bioabsorbable matrix and an effective amount of a 
phannacologically active agent capable of affecting cell attachmarit, cell growth, or 
neurite outgrowth. In one variation, the biological material further comprises a 
collagen gel. In another variation, the agent comprises a cytotactin derivative. In 

3 0 altemative embodiments, the cytotactin derivative comprises human cytotactin ISEQ 

ID NO 2) or chick cytotactin (SEQ ID NO 4). 

In yet another variation pertaining to biological materials of the present 
invention, the cytotactin derivative comprises one or more cytotactin polypeptides. 
The Invention further contemplates that ttie cytotactin polypeptides are selected from 

35 the group consisting of SEQ ID NO 5: SEQ ID NO 6; SEQ ID NO 7; SEQ ID NO 8; 

SEQ ID NO 9; and SEQ ID NO 10. Alternatively, the cytotactin polypeptides are 
selected from the group consisting of CTfn3. CTfn6. and CTfn3-6. Another 
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embodiment contemplates that the cytotactin derivative comprises an anti-(CT 
idiotype) antibody. 

The invention further contemplates that the matrix comprises a bioabsorbable 
biopolymar. In various embodiments, the biopolymer comprises one or mors 
macromoliBcules selected from the group consisting of collagen, elastin. flbronectin, 
vitronectin, laminin, hyaluronic add, chondroitin sulfate, dennatan sulfate, heparin 
sulfate, heparin, fibrin, cellulose, gelatin, polylysine. echinonectin, entactin, 
thrombospondin, uvomoruiin. biglycan, decorin, and dextran. In another disclosed 
variation, the matrix further includes a substructure comprising freeze dried sponge, 
powders, films, flaked or broken fHms, aggregates, microspheres, fibers, fiber 
bundles, or a combination thereof. In yet another embodiment, the matrix further 
includes a solid support selected from the group consisting of is prosthetic device; a 
porous tissue culture insert; an implant; and a suture. 

The within-disclosed invention also contemplates antibody compositions. In 
one variation, an antibody composition comprises antibody molecules capable of 
inhibiting neurits outgrowth, wherein the antibody molecules Immunoreact with a CT 
polypeptide substantially homologous to at least a portion of the protein identified as 
SEQ ID NO 2 herein. In another varietion, the CT polypeptide is substantially 
homologous to at least a portion of the protein identified as SEQ 10 NO 4 herein. 

Another embodiment contemplates that the antibody molecules also 
immunoreact with cytotactin. In other variations, the antibody molecules are 
monoclonal or polyclonal. In one disclosed embodiment, the CT polypeptide is 
selected from the group consisting of SEO ID NO 5; SEQ ID NO 6; SEQ lO NO 7; 
SEQ ID NO 8: SEQ ID NO 9; and SEQ ID NO 10. In another variation, the CT 
polypeptide is selected from the group consisting of CTfn3, CTfn6, and CTfn3-e. 

Another antibody composition contemplated herein comprises anti-(CT 
idiotypel antibody molecules capable of stimulating neurite outgrowth. In one 
embodiment, the anti-<CT idiotype) antibody molecules have an activity substantially 
similar to that of a polypeptide substantially homologous to at least a portion of a 
protein identified es SEQ ID NO 2 or SEQ ID NO 4 herein, wherein the polypeptide 
comprises not more than 250 amino acid residues in length. In another embodiment, 
the ami-(CT idiotype) entibody molecules have an activity substantially similar to that 
of a polypeptide selected from the group consisting of CTfn3, CTfn6, and CTfn3-6. 
In one varietion. the anti-(CT idiotype) antibody molecules are monoclonal. In 
another, the antibodies are humanized. 

The present invention also discloses methods for preparing solid supports 
useful in promoting neuronal cell growth end eiongstion (and/or neurits outgrowth). 
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comprising coating or impregnating the solid support with a biological material 
including a cytotactin derivative capable of promoting the growth and elongation. In 
one disclosed variation, the biological materia! comprises a bioabsorbabia biopolymer. 
In another variation, the solid support is selected from the group consisting of a 
5 porous tissue culture insert: a prosthetic device; en implant; and a suture. 

In another embodiment, the solid support comprise* a bioabsorbabia 
biopolymer. In ahemative variations, the biopolymer comprises one or more 
macromolecules selected from the group consisting of collagen, elastin, fibronectin, 
- vitronectin, laminin, hyaluronic add. chondroitin sulfate, dermatan sulfate, heparin 

10 sulfate, heparin, fibrin, cellulose, gelatin, polylysine, echirionectin. entactin, 

thrombospondin, uvonwrulin, bigiycan, decorin, and dextran. In another 
embodiment, the biological material further comprises at least one attachment factor. 
Another variant of the disclosed method contemplates that the attachment factor is 
selected from the group consisting of collagen (all types), fibronectin, gelati'n. 

15 laminin. polylysine. vitronectin, cytotactin. echinonectin. entactin. thrombospondin. 

uvomorulin, bigiycan. chondroitin sulfate, decorin, dermatan sulfate, heparin, and 
hyaluronic acid. 

, The present invention also encompasses a variety of diagnostic and 
therapeutic assays and kits. In one embodiment, an assay Icit for the detection of 

20 tumors comprises in an amount sufficient to conduct at leest one assay, an ami- 

cytotactin antibody. Further components in various embodiments include labeling 
means, samples of CT protein or polypeptide, anti-(CT idiotype) antibodies, and other 
CT derivatives, all In amounts sufficient to conduct at least one essay. 

The invention also contemplates various compounds and compositions useful 

25 in the detection or inhibition of metastasis or angiogenesis. One embodiment 

contemplates a site-specific anti-CT antibody capable of inhibiting metastasis in an 
individual. Another discloses a polypeptide capable of inldbiting metastasis and 
angiogenesis in an individual via nradulating cell attachment to cytotactin. 

The present invention also discloses various methods of detecting tumors. 

30 One method comprises obtaining a fluid or tissue sample from an individual; admixing 

the sample with a predetermined amount of an anti-cytotactin antibody to form an 
admixture; maintaining the admixture for a time period sufficient to allow the 
antibody to inununoreact with any cytotactin or fragments thereof in the sample, to 
form an tmmunoreaction product; assaying for the presence of the immunoreaction 

35 product; and comparing the amount of immunoreaction product assayed with a 

control, thereby determining whether an excessive amount of cytotactin is present in 
the sample. 
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Cell culture systems and methods are also contemplated herein. In one 
embodiment, a cell culture system comprising a substrate with a ceil adhaaon factor 
attached thereto is disclosed. In another, the adhesion factor comprises a CT 
derivative. Yet another discloses that the CT derivative is selected from the group 
5 consisting of SEQ ID NO 2: SEQ ID NO 4; SEQ ID NO 5; SEQ 10 NO 6; SEQ ID NO 7; 

SEQ ID NO 8: SEQ ID NO 9; and SEQ ID NO 10. 

A method of inhibiting cytotactin binding to neuronal cells in a patient is also 
disclosed, comprising administering to the patient a physiologicaUy tolerable 
composition comprising a therapeutically effective amount of a CT derivative, in one 

10 alternative embodiment, the CT derivative is an antibody; in another, it is an anti-(CT 

idiotyps) antibody. In still another variation, the therapeutically effective amount is 
an amount sufficient to produce an intravascular concentration of antibody in the 
blood of the patient in the range of about 0.1 to 100 //g/ml. Yet another variation 
contemplates that the CT derivative is a CT polypeptide substantially homologous to 

15 at least a portion of the protein identified as SEQ ID NO 2 herein. 

In various disclosed embodiments, a therapeutically effective amount is an 
amount sufficient to produce an intravascular concentration of CT polypeptide in the 
blood of the patient in the range of about 0.1 to 100 micromolar. According to 
various embodiments, the neuronal cells are fibrot>lasts or ganglion cells. 

20 Various compositions are also encompassed herein. In one embodirhent, a 

composition comprises a therapeutically effective amount of a CT derivative in a 
pharmaceutically acceptable excipient. wherein the effective amount is an amount 
sufficient to inhibit cytotactin binding to neuronal cells. In another variation, the CT 
derivative is a CT polypeptide substantially homologous to at least a portion of the 

25 protein identified as SEQ ID NO 2 herein. Another embodiment contemplates that 

the effective amount is at least 0.1 weight percent of CT derivative per total weight 
of the composition. In various disclosed embodiments, the CT derivative is an anti- 
CT antibody or an anti-(CT idiotype) antibody. 

The invention further contemplates methods of assaying the amount of 

30 cytotactin in a fluid sample. One such method comprises ttw steps of (a) admixing a 

fluid sample with an anti-CT antibody to fonn an immunoreaction admucture: (b) 
maintaining the admixture for a time period sufficient to fomn e CT-containing 
immunoreaction product in a solid ptiase; and <c) determining the amount of product 
formed in step (b). In another embodiment, the antibody is a monoclonal antibody;. in 

35 yet another, the antibody is capable of immunoreacting with CTfnS or CTfn6, or 

both. 

In an alternative embodiment, the determining step (c) comprises the steps of 
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(1> admixing the CT-contalning Immunoreaction product in the soUd phase with a 
second antibody to form a second Immunoreaction admixture having a liquid phase 
and a soKd phase, the second antibody having the ability to immunoreact with the 
CT-containIng immunoreaction product: (2) maintaining the second reaction 
5 admixture for a time period sufficient for the second antibody to immunoreact with 

the CT-contelning immunoreaction product and form a second Immunoreaction 
product in the solid phase; and (3) determining the amount of the second antibody 
present in the second immunoreaction product, thereby determining the amount of 
CT-containing Immunoreaction product fonnad in step (c). 
10 The present invention also discloses a competition assay method for assaying 

the amount of cytotactin In a fluid sample, comprising the steps of (a) f onning a 
competition immunoreaction admixture by admixing a vascular fluid sample vvith (1) 
an anti-CT antibody composition containing antibody molecules that immunoreact 
with cytotactin and with a CT polypeptide substantially homologous to at least a 
15 portion of the protein identified as SEQ ID NO 2 herein, wherein the antibody 

molecules are attached to a solid matrix, such that the competition immunoreaction 
admixture has both a liquid and a solid phase; and (2) a polypeptide immunoreactive 
with tiie entibody. wherein the polypeptide Is labeled: lb) maintaining the competition 
immunoreection admixtijre for a time period sufficient to form a labeled 
20 immunoreaction product In the solid phase; and (c) determining the emount of labeled 

immunoreaction product fonned in step IbJ. thereby determining the amount of 
cytotactin present In the sample. In one variation, the entibody Is a monoclonal 
antibody. In alternative embodiments, the antibody is capable of immunoreacting 
with CTfnS. CTfn6. or both. 
25 Rnally. another preferred embodiment of the invention relates to 

polynucleotides which encode the ebove noted cytotactin proteins end polypeptides, 
and to polynucleotide sequences which are complementary to these polynucleotide 
sequences. Complementary polynucleotide sequences include those sequences 
which hybridize to the polynucleotide sequences of the Invention under stringent 
3 0 hybridization conditions. Methods of making ti^e various proteins, polypeptides, and 

other CT derivatives disclosed herein are also Inventions disclosed herein. 

FiniFF nFfiT^niPT'"'^ "TUP PRAWINGS 
Rgure 1 Illustrates a model of cytotactin (CT) and tiie regions of CT which 
were exemined in the pGEX protein expression system as described In Example 1 . 
35 The complete nucleotide end amino acid residue sequences of chicken CT, including 

the alternatively spliced region VeVbVc. are given in SEQ ID Nos 3 end 4. 
respectively. The primary structure of CT is shown at the top of the figure. CT 
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consists of several protein domains and are given in order from the amino- to the 
carboxy-termlnus: amino-termina! region gS. EGF-iike repeats m. In type ill repeats 
O. alternatively spliced repeats (VaVbVc) (|), and fibrinogen region (□). The dots 
above the structure represent potential glycosylation sites, small lines below the 
5 structure denote cysteine residues. The arrows are potential giycosaminoglycan 

addition sites and the Arg-Gly-Asp (RGD) site is represented by a cross. A Ca'* she 
in the region of the fibrinogen B chain is also indicated below the structure. 

The various regions of CT which were expressed as fusion proteins with 
glutathione-S-transferase fGST) in the pGEX protein expression system are shown 

10 below the primary structure and are labeled as they are presented in Example 1. The 

range of amino acid residues of cNcken CT (SEQ ID NO 4) which corresponds to the 
various regions of CT expressed as fusion proteins writh GST are given in Table 1. 

Figure 2 illustrates the results of cell attachment and inhibition of cell 
attachment asssys characterizing the attachment of chicken fibroblast cells to CT as 

15 described in Examples 5.B. and 5.C. Soluble inhibitors of attachment, the RGO- 

containlng peptides Arg-Gly-Asp-Ser-Pro (RGDSP) ISEQ ID NO 1 1) and Arg-Gly-Asp- 
Thr-Pro (RGDTP) (SEQ ID NO 12). and the monoclonal antibody JG22, were assayed 
both separately and in combination for their ability to inNbit attachment of chicken 
fibroblast calls to CT as described in Example S.C. The control sample represents the 

20 number of chicken fibroblast cells that attachment to CT in the absence of inhibitor. 

The number of cells bound is on the vertical axis and the inhibitors are given on the 
horizontal axis. The values represent the average of 1 2 measurements obtained in 
three separate experiments. Inhibition of attachment to CT was judged significant by 
the Student's t test where p - 0.001 . 

25 Rgure 3 illustrates nsurite outgrowth of dorsal root ganglia (DRG) when 

attached to control proteins, fusion proteins, and adhesion molecules as represented 
by the percent sprouting and neurite length as described in Example 6.C. In Rgure 
3A, the vertical axis represents the percentage of cells sprouting neurites and the 
horizontal axis indicates the fusion protein or control used in the assay. GST 

3 0 represents the gtutathione-S-transferase (GST) domain without a CT (CT) domain and 

PLL represents pbly-L-lysine. CTfn3 and CTfn6 represent GST fusion proteins of the 
III and VI fibronectin type III repeats of CT. respectively. CTfg represents a GST 
fusion protein of the fibrinogen region of CT. CTfn3 and CTf n6 represents a 
combination of the GST fusion proteins. CTfn3 and CTfn6. The percent of cells 

3 5 sprouting was defined as those cells with neurites greater than one cell diameter and 

was derived from six experiments ± standard deviation (S.E.M.). 

In Hgure 38, the vertical axis represents the length of the neurites in microns. 
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The average total naurite length per neurite-bearing cell was derived from three 
experiments ± S.E.M. The horizontal axis represents the fusion protein or control 
used in the assay. 

In Figures 3A and 3B, statisticaUy significant diHerences from poly-L-lysine 
5 (PLU are denoted by asterisks wherein *• indicates p- 0.005 and ••• indicates 

p- 0.001. 

pPTAiiPn nPsrRiPTiON 

A. nnfinltions 

Amin ft M** An amino add, e.g., one formed upon chemical 

10 digestion (hydrolysis) of a polypeptide at Its peptide linlcages. The amino acid 

residues identified herein are preferably In the natural "L" isomeric form. However, 
residues in the "D" isomeric form can be substituted for any L-amino add residue, as 
long as the desired functional property is retained by the polypeptide. NH, refers to 
the free amino group present at the amino terminus of a polypeptide. COOH refers 

15 to the free carboxy group present at the carboxy tenninus of a polypeptide. In 

keeping with standard polypeptide nomenclature. ,t, Rinl. Cham. 243= 3552-59 
(1969) and adopted at 37 CFR § 1.822(b)(2). abbreviations for amino acid residues 
are shown in the following Table of Correspondence: 



TABLE OF CORRESPONDENCE 



25 



1 -Latter 2 


-Letter 




Y 


Tyr 


tyrosine 


G 


Gly 


glydne 


F 


Phe 


phenylalanine 


M 


Met 


methionine 


A 


Ala 


alanine 


S 


Ser 


serine 


\ 


lie 


isoleucine 


L 


Leu 


leudne 


T 


Thr 


ttueonine 


V 


Val 


valine 


P 


Pro 


proline 


K 


Lys 


lysine 


H 


His 


histidtne 


Q 


Gin 


glutamine 


E 


Glu 


glutemic acid 
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w 


Trp 


tryptophan 


R 


Arg 


arginine 


D 


Asp 


aspartic acid 


N 


Asn 


asparagine 


C 


Cys 


cysteina 


X 


Xaa 


unknown or any amino acid 


B 


Asx 


aspartic acid or asparagine 


Z 


Glx 


glutamic acid or glutamirw 



It should ba noted that all amino acid residue sequences are represented 
herein by formulae whose left and right orientation is in the conventional direction of 
amino-terminus to carboxy-terminus. In addition, the phrase 'amino acid residue' is 
broadly defined to include modified and unusual amino acids, such as those listed in 

15 37 CFR f 1 .822(b)(4). which disclosures are Incorporated by reference herein. 

Furthermore, It should be noted that a dash (-) at the beginning or end of an amino 
add residue sequence indicates either a peptide bond to e further sequence of one or 
more amino add residues or e covalent bond to a carboxyl or hydroxyl end group. 
nBCOmbinant PNA (rPNAl molBCUlg: a DNA molecule produced by 

20 operatively linking two or more DNA segments. Thus, a recombinant DNA molecule 

is a hybrid DNA molecule comprising st least two nucleotide sequences not normslly 
found together in nature. Recombinam DNA molecules (rONAs) not having a 
common biological origin, i.e., evolutionarily different, are said to be "heterologous'. 
yaStflT A rDNA molecule capable of eutonomous replication and to which a 

25 DNA segment, e.g., a gene or polynudeotids, can be operetively linked so as to bring 

about replication of the attached segment. Vectors capable of directing the 
expression of genes encoding for one or more polypeptides ere referred to herein as 
'expression vectors'. Particularly preferred vectors according to the present 
invention allow doning of cDNA (complementary DNA) from messenger RNA (mRNA) 

3 0 produced using reverse transcriptase. 

RacBotor : A receptor is s biologically active proteineceous molecule, such as 
a protein, glycoprotein, and the like, that can spedfically (non-randomly) bind to a 
different molecule or molecules, generally termed ligand molecules. 

Fution PolYPBPtldfl: A polypeptide comprised of et least two polypeptides 

3 5 and a linking sequence which operatively links the polypeptides into one continuous 

polypeptide. The two or more polypeptides linked in a fusion polypeptide are 
typically derived from two independent sources, and therefore e fusion polypeptide 
comprises two or more linked polypeptides not normally found linked in nature. The 
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terms 'fusion protein(s)' and 'fusion poiypeptide(s)' may be used imerchangeabiy 
herein. 

Upstream : In the direction opposite to the direction of ONA transcription, 
that is. going from 5' to 3' on the nonnroding strand, or 3' to 5' on the mRNA. 
5 Downstream : Further along a DMA sequence in the direction of sequence 

transcription or read-out, that is traveling in a 3'- to 5'-direction along the non-coding 
strand of the DNA or to 3'-direction along the RNA transcript. 

Cistfon : Sequence of nucleotides in a DNA molecule coding for an arnliw 
add residue sequence and including upstream and downstream ONA expression 

10 control elements. 

Reading Frame : Particular sequence of contiguous nucleotide triplets 
(codons) employed iri translation. The reading frame depends on the location of the 
translation initiation codon. 

Antibody : The term 'antibody' or 'antibody molecule' in its various 

15 grammatical forms is used herein to refer to immunoglobulin molecules and 

immunologically active portions of immunoglobulin molecules, i.e., molecules that 
contain an antibody combining site or paratope. Exemplary antibody molecules are 
intact immunoglobulin molecules, substantially intact immunoglobulin molecules and 
portions of an immunoglobulin nrtolscule, including those portions known in the art as 

20 Fab, Fab", FCab'), and F(v|. 

Antibody Combining Site : An antibody combining site is that structural 
portion of an antibody molecule comprised of heavy and light chain variable and 
hypervariable regions that specifically binds (immunoreacts with) an antigen. The 
term 'immunoreact' in its various forms means specific binding between an antigenic 

25 determinant-containing molecule and a molecule containing an antibody combining 

sits, such as a whole antibody molecule or a portion thereof. 

Monoclonal Antibody: The phrases 'monoclonal antibody' or 'monoclonal 
antibody composition' in their various grammatical forms refer to a population of 
antibody molecules that contains only one species of antibody combining site capable 

30 of immunoreacting with a particular antigen. A monoclonal antibody thus typically 

displays a single binding affinity for any antigen with which it immunoreacts. 
Moreover, a monoclonal antibody may comprise an antibody molecule having a 
plurality of antibody combining sites, each site being immunospectfic for a different 
antigen, e.g.. a bispedfic monodonal antibody. 

35 Polvoeottda and Peptide : 'polypeptide* and 'peptide' are terms used 

interchangeably herein to designate a series of amino acid residues connected one to 
the otirar by peptide bonds between the atpha-amino and carboxy groups of adjacent 
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residues. In general, the terms 'peptide" and 'polypeptide" are used herein to 
designate a series of 50 or fewer amino acid residues connected one to the other, 
while the term "protein* is used to designate a series of greater than 50 amino add 
residues connected one to the other. 
5 Synthetic Peptide : Synthetic peptide refers to a chemically produced polymer 

or chain of amino acid residues typically linlced together by peptide bonds. As used 
herein, the term is not generally intended to include naturally occurring proteins and 
fragments ttiereof. 

Conservative Substitution: "conservative substitution" as used herein 

10 derwtes the replacement of an amino acid residue by another, biologically similar 

residue. Examples of conservative substitutions include the substitution of one 
hydrophobic residue such as Isdaucine. valine, leucine or methionine for another, or 
the substitution of one polar residue for another, such as the substitution of arginine 
for lysine, glutamic for aspartic acid, or giutamine for asparagine, and the liice. 

15 "Conservative substitution" is also intended to include differential splicing and 

repeats of various sequences, such as those seen in the various CT isoforms (e.g. 
those seen in human, murine and chick CT). The term "conservative substitution" as 
used herein also iridudes the use of a substituted amino add in place of an 
unsubstituted parent amino add provided that cytotactin homologs having the 

20 substituted polypeptide also stimulate cell attachment and/or naurite outgrowth. 

Substahtiallv homologous means that a particular subject sequence or 
molecule, for example, a mutant sequence, varies from a reference sequence by one 
or more substitutions, deletions, or additions, the net effect of which does not result 
in an adverse functional dissimilarity between reference and subject sequences. For 

25 purposes of the present invention, amino add sequences having greater than 75% 

similarity, preferably greater than 80% similarity, more preferably greater than 90% 
similarity, equivalent biological activity, and equivalent expression characteristics are 
considered substantially homologous and are induded within the scope of proteins 
and polypeptides defined by the terms "cytotactin", "CT", "CT/TN", "CT derivative" 

30 and "CT peptide or polypeptide". Amino acid sequences having greater than 40 

percent similarity are considered substantially similar. For purposes of determining 
homology or similarity, truncation or internal deletions of the reference sequence 
should be disregarded, as should subsequent modifications of the molecule, e.g., 
glycosylatlon. Sequences having lesser degrees of homology end comparable 

35 bioactivity are considered equivalents. Similarty, nudeotide sequences at least 75% 

homologous to that identified herein as SEQ ID NO 1 or to SEQ ID NO 3 (or a portion 
thereof) are considered substantially homologous. 
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B. rvtntactin an d Cvtotaetin DefivatiVB3 

Cytotactin (CD is a large extracellular mauix glycoprotein composed of 
several distinct domains. The amino terminus is a unique region containing cysteine 
residues that can form interchain disulfide bonds. In linear order, this is followed by 
5 several repeats similar to those in epidermal growth factor, by 6-15 repeats 

homologous to fibronectin (FN) type III repeats (the number depending on the species 
and on patterns of alternative spUcing), and by a segment homologous to the & and y 
chains of fibrinogen. (See. e.g.. Jones, et al.. PNAS USA 85: 2186-2190 (1988J: 
Jones, et al., pmAs tlSA 86 : 1905-1909 (1989); Gulcher. et al.. PNAS USA 86: 
10 1588-1592 (1989): Wellar. et al.. i r.M Binl. 112: 355-362 (1991); Spring, et al.. 

Call 69 : 325-334 (1989).) 

Although CT shows some structural similarities to FN. the two molecules 
differ both In their expression patterns and in their functions. For example, while glial 
and fibroblastic cells will attach to CT-coated substrates (Spring, et al.. Id* (1989); 
IS Chiquet-Ehrismann, et al.. CfilLSS: 383-390 (1988); HoHman. et il.. J . Cflll Btol . 

106: 519-532 (1988): Friedlander. et al.. i r«n Biol. 107; 2329-2340 (1988)). CT 
prevents spreading of calls on FN or other permissive subsuates (Chiquet-Ehrismann. 
et al.. \sL (1988); Friedlander. et al.. Id* (1988)) and decreases cell migration (Tan. et 
al.. UL(1987); MacWe. et al.. p.««innm>nt (C«mhrlrici«. UKI 102: 237-250 (1988) 
20 Kaplony. et al.. n,«,i»nm.nt «r»mhrirtoe. UK) 112: 605-614 (1991)). 

The ability of CT to inhibit cell attachment, spreading, and migration has been 
termed counteradheslon (Prieto. et al.. ,],m Biol. 118: 663-678 (1992)), or 
antiadhesion (Spring, et al.. Id* (1 989)). This property is not unique to CT and is 
shared with at least three other extracettular matrix proteins, SPARC (Sage, et al.. J» 
25 C^n Biol. 1Q9 ; 341-356 (1989); Una, et al.. J. Cftfl Biol. 111: 3065-3076 (1990)), 

thrombospondin (Lawler. et al.. -■ r«n Biol. 107: 2351-2361 (1988); Murphy-Ullrich, 
at al., .1 CM Blnl. 109 ; 1309-1319 (1989)) and laminin (Calof. et al.. . 1 . Cell Biol . 
US: 779-794 (1991)). 

A number of different studies have Indicated that cytotactin (CT) affects 
3 0 neurits morphology and extension in vitro. (See. e.g.. Crossin. et al.. Em , NBUfQl . 

109 ; 6-18 (1990); Faissner and Knisa. Umsai3:. 627-637 (1990); Grierson. et al.. 
n«v Brain Ras. 55 : 11-19 (1990); Husmann. et al., J. CflH. BuH. 116: 1475-1486 
(1992): Lochter. et el., i r»ll. Biol. 1 13: 1159-1171 (1991): Perez and Halfter. 
HAUfti Binl. 156 : 278-292 (1993); Taylor, et al.. ,1, Nmimar.l. Rfla. 35: 347-362 
35 (1993); Wehrie and Chiquet. QflyaloonuuiUlfi: 401-415 (1990): and Wehrie-Haller 

and Chiquet. i p.aII Sri. 106 : 597-610 (1993)). Other studies indicate that CT 
affects neuronal migration (Chuong. et al.. ,| rflll. Biol. 1Q4: 331-342 (1987); 
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Halfter. et al.. Dev. Biol. 132 ; 14-25 (1989); Husmann. et al.. J. Can Biol. 1 16: 
1475-1486 (1992)) and polarity {Lochter and Schachner. J. Neufosei. 13; 3986- 
4000(1993)). 

Oapending on the assay systems and source of neurons, both inhibitory and 
5 stimulatory effects have been observed. Inhibition of neurite outgrowth was 

observed for both central neurons (Faissner and Kruse, UL (1990): Grierson. at al.. isL 
(1990)) and peripheral neurons (Crossin, et al.. ]iL (1990); Taylor, et al.. liL (1993); 
Wehrie-Haller and Chiquet, IsL (1993)). 

As noted previously,' CT exists in vivo in various isoforms, depending upon 
10 the number of repeat sequences and the manner in which the molecule is spliced. 

For example, in the chicken, CT exists in at least three isofonns which are composed 
of polypeptides having molecular weights of 190, 200. and 220 kD (Grumet, et al.. 
PNAS USA 82 : 8075-8079 (1985)). Relative to the 1 90 kO isofonn. the 200 kD 
form contains one, and the 220 kO fomn contains three, additional fn type III domains 
15 (Zisch.IiL(1992)). 

The CT found in other species, including human and murine CT, for example, 
also exists in a variety of isoforms. By way of illustration, the alignment of the 
differentially spliced type III repeats of human, murine, and chick CT is illustrated in 
Weller, et al., J. Cull Biol. 1 1 2 ; 355-362 (1991) (see Fig. 3 therein). The type III 
20 repeats are contiguous in all three species. The three spliced repeats of chick CT and 

the five spliced repeats of murine CT show higher sequence similarity with certain of 
the seven repeats of human CT. The position of potential AAfllycosylation sites also 
appears to have been conserved quite well between human and mouse. In chick CT, 
an additional splice variant has been described which lacks the first and second, but 
25 contains the third, of the differerttially spliced type ill repeats UdJ- 

It has been suggested that outgrowth of peripheral neurites is inhibited only 
when cortfronting CT at a border in a two^Jmensional substrate. Other reports have 
shown that CT can inhibit CNS neurits outgrowth in cenain two- and three- 
dimensional assays. (See. e.g., Grierson, et al., iiL (1990); Husmann, et al., IsL 
30 (1992): Lochter, et al., ]sL (1991); Perez, et al., 'ljL (1993): and Taylor, et al., liL 

(1993)). 

In contrast, when molecules that otherwise supponed neural attachment and 
neurite outgrowth (e.g. polyamlnes or laminin) were mixed with CT in a uniform two- 
dimensional subsvate, outgrowth was enhanced from peripheral and cemral nervous 
35 system neurons. (See, e.g., Taylor, et al., IsL (1993): Wehrie and Chiquet, lli. 

(1990); Wehrie-Haller and Chiquet, liL (1993): Husmann, et al., IiL (1992); and 
Lochter, etal.. Id* (1991) ) 
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As noted previously, the present invention encompasses CT and derivatives 
thereof, which may be used in a wide variety of diagnostic, therapeutic, and other 
applications. As used herein, the phrase *CT derivatives' is imefuled to encompass 
CT (irrespective of the species of organism from which it is obtainedl, molecules 
5 substantially homologous to CT, polypeptides and proteins comprising one or more 

portions of an intact CT molecule, including sequential subsets thereof, as wall as 
synthetic polypeptides, fusion proteins, and fusion polypeptides comprising one or 
more portions of a CT molecule or a molecule substantially homologous thereto. The 
phrase derivatives* is also intended to include CT ligands, CT receptors, anti-CT 
10 antibodies and anti-idiotype antibodies, whether said antibodies are monoclonal or 

polyclonal. 
C. Polvoentides 

Polypeptides of the present invention may be derived from intact cytotactin 
(CT), or via synthetic means, such as those described hereinbetow. As described 
15 herein, intact CT may be purified from brain tissue (e.g. chick brain) and from 

fibroblast culture supernatant. (See, e.g., Crossin, PNAS USA 88: 1 1403-11 407 
(1991) and Hoffman, at al., J- Cell Biol. 106 : 519-532 (1988). the disclosures of 
which are incorporated by reference herein.) 

A polypeptide of the presem invention is derh^ed from a protein designated 
20 cytotactin (CT) or from molecules that are substantially homologous to CT. 

Alternatively, a polypeptide of the present invention may t>e ttanslated from cDNA 
generated via polymerase chain reaction (PCR) or other synthetic means. (PCR 
procedures are described herelnbelow.) Preferably, a polypeptide of the present 
invention has an amino acid residue sequence tiiat is substantially homologous to at 
25 least a portion of CT. 

Polypeptides of the present invention preferably correspond in amino acid 
residue sequence to a sequence identified herein as either SEQ 10 NO 2 or SEQ ID 
NO 4. to a sequence substantially homologous to SEQ ID NO 2 or SEQ 10 NO 4, or to 
one or more sequential subsets thereof. A polypeptide of the present invention 
30 preferably corresponds in amino acid residue sequence to the sequence of human 

cytotactin, murine cytotactin. chicken cytotactin. or molecules that are substantially 
homologous thereto. 

In another embodiment, a polypeptide of the present invention corresponds in 
amino acid residue sequence to a sequence identified herein as SEQ ID NO 2 or SEQ 
35 ID NO 4. to a sequence substamiaily homologous thereto, or to one or more 

sequential subsets thereof. Thus, in one embodiment, a polypeptide of the present 
invention has an amino acid residue sequence corresponding to the following: 
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LDAPSQIEVKDNnTDTTALrrvyrt^KPLAEIDGIELTYGlKDVPGDRTTIDLTEOENQYSIGNUCPD 
TEYEVSUSRRGDMSSNPAKETFTT (SEQ ID NO 5). or to a sequential subset or 
homolog thereof. In yet another embodiment, a polypeptide of the present invention 
has an amino acid residue sequence corresponding to the following: 
LDAPSHIEVKD\nT)TTALITWFKPiJVElDSIELSYGIKDVPGDRTnDLTHEDNQYSIGNLRPD 
TEYEVSUSRRVDMASNPAKETFIT (SEQ ID NO 6). or to a sequential subset or 
homolog thereof. 

in another embodiment, a polypeptide of the present invention has an amino 
add residua sequence corresponding to the following: - ■ 

LDAPSQIEAKDVTOTTAUTWSKPLAElEGIELTYGPKDVPGDRtnDLSEDENQYSIGNLRPH 
TEYEVTllSRRGDMESDPAKEVFVT (SEQ ID NO 71, or to a saquemial subset or 
homolog thereof. 

In another variation, a polypeptide of the present invention has an amino acid 
residue sequence con'esponding to the following: 

AMGSPKEVIFSDITENSAWSVVRAPTAQVESFRIT/VPITGGTPSMVTVDGTKTQTRLVKLI 
PGVEYLVSIIAMKGFEESEPVSGSFTT (SEQ ID NO 8), or to a sequential subset or 
homolog thereof. In yet another variation, a polypeptide of the present invention has 
an amino acid residue sequence corresponding to the following: 

AMGSPKEIMFSDITENAATVSWRAPTAQVESFRITYVPMTGGAPSMVTVDGTDTETRLVK 
LTPGVEYRVSVIAMKGFEESDPVSGTLIT (SEQ ID NO 9), or to a sequential subset or 
homolog thereof. 

In a different embodiment, a polypeptide of the present invention has an 
amino acid residua sequence corresponding to the following: 

WGSPKGISFSDITENSATVSWTPPRSRVDSYRVSYVPITGGTPNWTVDGSKTRTKLVKL 
VPGVOYNVNIISVKGFEESEPISGILKT (SEQ ID NO 10). or to a aequential subset or 
homolog thereof . 

A polypeptide according to the present invention may have pronounced 
homologies with the amino acid residue sequence of human fibronectin, fibrinogen, 
or the amino acid residue sequence of epidermal growth factor (EGF). However, a 
polypeptide of the present invention is not identical to. and is distinguishable from, 
fibronectin, fibrinogen, and EGF. A polypeptide of the presem invention may also bo 
referred to herein as a CT-derived polypeptide or protein. 

It is contemplated herein that CT-derived proteins and polypeptides 
substantially homologous to cytotactin (e.g. SEQ ID NO 2 or SEQ ID NO 4) are 
useful. In another embodiment, a polypeptide of this invention has an amino acid 
residue sequence comprising s sequential subset of cytotactin. Preferably, the 
polypeptide or protein also binds to an enti-CT antibody. Alternatively, e CT 
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polypeptide or protein has an amino acid residue sequence at least 75% homologous 
to at least a portion of a sequence identified herein as SEQ ID NO 2 or 4. More 
preferably, they are at least 85% homologous; even more preferably, they are at 
least 90% homologous; most preferably, they are at least 95% homologous to at 
5 least a portion of one of the proteins identified herein as SEQ 10 NO 2 or SEQ ID NO 

4. 

A polypeptide of the present invention can be used to generate a variety of 
useful antibodies by means described herein. Additionally, a polypeptide of the 
present invention may be used in competitive assays - e.g., to compete with CT for 
10 binding to an antl-CT antibody. Alternatively, a polypeptide of the present invention 

may be used to generate antibodies (or fragments thereof) to various portions of, or 
epitopes on, CT. 

In addition, a polypeptide of the present invention may be used to promote or 
modulate cell attachment, spreading, growth, or neurite outgrowth, via binding to or 

15 occupying the relevant receptor to wNch a CT molecule would typically bind ~ that 

is, such a polypeptide would compete with CT for binding to the receptor. The 
various utilities of the polypeptides noted herein will further be apparent from the 
discussions provided hereinbelow. 

Typically, a polypeptide of the present invention is not glycosylated, i.e., it is 

20 synthesized either directly by standard peptide symhesis techniques or by prolcaryotic 

host expression of e recombinant DNA molecule of the present invention. A 
eukaryotically produced polypeptide is t^ically glycosylated. Useful polypeptides 
and proteins of the present Invention may be glycosylated or not, depending on the 
use for which said construct is intended. 

25 An instant polypeptide can incorporate a variety of changes, such as 

insertions, deletions, and substitutions of amino acid residues which are either 
conservative or nonconservatiye, as long as the resulting polypeptide molecule 
exhibits the desired properties. One such 'desired property" is, for example, that the 
polypeptide is immunogenic in a suitable host and is able to generate antibodies to 

30 the CT molecule or a polypeptide homologous to at least a portion of CT, whether 

present in a denatured state (as found in an SDS-PAGE gel) or in the 'natural' or 
'native' state (i.e., the state in which CT is usually expressed in vivo). An additional 
desired property is that the polypeptide is antigenic when expressed or in its 
denatured state, so that antibodies immunoreactiva with the CT molecule also 

3 5 immunoreact with the instant polypeptide. Another desired property of e CT 

polypeptide of the present invention is its ebility to stimulate cell attachment, cell 
spreading, cell elongation, to stimulate or inhibit neurite outgrowth, or some 
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combination of the foregoing. 

Wtien a polypeptide of the present invention incorporates conservative 
substitutions In the sequences corresponding to CT as discussed herein, the 
substituted amino acid residues are preferably replaced by another, bioiogically similar 
5 amino acid residua such that the resulting polypeptide has an amino add residue 

sequence that is similar to (i.e.. Is at least 60% homologous to) the CT protein or 
polypeptide sequences identified herein as SEQ ID NOS 2 or 4-10. StiU another 
aspect of a polypeptide incorporating conservative substitutions occurs when a 
substituted amino acid residue replaces an unsubstituted parent amino add residua. 

10 Examples of substituted amino acids may be found at 37 C.F.R. i 1.822(b)(4). which 

spades are incorporated herein by reference. 

When a polypeptide of the present invention has an amino add residue 
sequence that corresponds to the sequence of CT (see, e.g., SEQ ID NO 2 or SEQ ID 
NO 4) but has one or more conservative substitutions, preferably no more than about 

15 40%, more preferably not more than about 30%, and even more preferably no more 

than about 20%, of the amino acid residues of the native protein are substituted. 
Polypeptides having no more than about 5-10% conservative substitutions era even 
more preferred. 

Preferably, a protein or polypeptide of the present invention is at least about 
20 3 amino add residues in length, more preferably at least about 5 amino acids in 

length, and even more preferably, at least about 10 amino adds in length. In 
addition, a protein or polypeptide of the present invention is not more than about 250 
amino acid residues in length, preferably not more than about ISO amino acids In 
length, even more preferably not more than about 1(X) amino adds in length, and 
25 more preferably still, not more than about SO amino adds in length. 

A polypeptide of the present invention can bo synthesized by any of the 
peptide synthetic techniques known to those skilled in the art. A summary of soma 
of the techniques available can be found in J.M. Stuard and J. D. Young, Solid PIlBSfl 
Peptide SvnthBsls. W. H. Freeman, Co.. San Frandsco (1969): J. Meinhofer, 
3 0 Hnrmonal Prote ins «nri P«ntlde8 Vol. 2. pp. 46, Academic Press (New York) 1 983; E. 

Schroder and K. Kubke, P^Ptitia* tVo'- Academic Press (New York), 196S for 
dassical solution synthesis, and U.S. Patent No. 4.631,21 1. the disdosures of which 
are incorporated herein by reference. When e polypeptide desired for use according 
to the present Invention is relstively short (i.e., less than about SO amino add 
35 residues in length) direct peptide synthetic techniques are generelly favored, usually 

by employing a solid phase technique such as that of Merrifield (JACS S5: 2149 
(1963)). Appropriate protective groups usable in the aforementioned syntheses ere 
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described in the above texts and in J.F.W. McOmie, Protactive Grouno in Orffngj c 
ChemisTiv. Plenum Press, New York, 1973. which is incorporated herein by 
reference. 

An instant polypeptide can also be synthesized by recombinant DNA 
5 techniques. Such recombinant techniques are favored espedaily when the desired 

polypeptide is relatively long (greater than about 50 amino acids residuas in length). 
When recombinant DNA techniques are employed to prepare an instant polypeptide 
(see Example 1 hereinbeiow), a DNA segment encoding the desired polypeptide is 
incorporated into a preselected vector that is subsequently expressed in a suitable 

10 host. The axprassed polypeptide is then preferably purified by a routine method such 

as gel electrophoresis, immunosorbent chromatography, and the like. 

Preferably, a CT polypeptide of this invention Is further characterized by its 
ability to immunologically mimic an epitope (antigenic determinant) expressed by CT. 
As used herein, the phrase 'immunologically mimic* in its various grammatical forms 

15 refers to the ebiiity of a CT polypeptide of ttiis invention to immunoreact with an 

antibody of the present invention that immunoreacts with a native epitope of CT as 
defined herein. It should be understood that a subject polypeptide need not be 
identical to the amino acid residua sequence of CT (or a portion thereof), so long as it 
includes the required sequence and is able to affect ceil attachment, growth, 

20 elongation, neurite outgrowth, or is able to immunoreact with an anti-CT antibody, as 

described herein. 

A subject polypeptide includes any analog, fragment or chemical derivative of 
a polypeptide whose amino acid residue sequence is shown herein so long as the 
polypeptide is capable of immunoreaeting with an anti-CT antibody of the present 

25 invention or i« capable of stimulating cell attachment, growth, elongation, or neurite 

outgrowths Therefore, a polypeptide of the present invention can be subject to 
various changes, substitutions, insertions, and delations, where such changes provide 
for certain advantages in its use. In tNs regard, a CT polypeptide of this invention 
corresponds to. rsther than is identical to, one or more sequential subsets of the CT 

30 sequences identified herein as SEQ ID NOS 2 or 4. Alternatively, e CT polypeptide 

may comprise one or more of the amino add residue sequences identified herein as 
SEQ ID NOS 5-10, sequential subsets thereof, or molecules substantially homologous 
thereto. Further, where one or more changes are made, a CT polypeptide preferably 
retains the ability to 'perform" as described herein. 

35 The term 'analog' includes any polypeptide having an amino acid residue 

sequence substantially identical to a sequence specifically shown herein in which one 
or more residues have been conservatively substituted with a functionally similar 
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residue and which displays the within-described abilities. The phrase 'conservative 
substitution* also includes the use of a chemically derivatized residue in place of a 
non-derivatized residue provided that such polypeptide displays the raquisita 
inhibition activity. 'Chemical derivative* refers to a subject polypeptide having one 
5 or more residues chemically derivatized by reaction of a functional side group. Such 

derivatized molecules include for example, those molecules in which free amino 
groups have been derivatized to form amine hydrochlorides, p-toluene sulfonyl 
groups, carbobenzoxy groups, t-butyloxycarbonyl groups, chioroacetyl groups or 
formyl groups. Free carboxyl groups may be derivatized to form salts, methyl and 

10 ethyl esters or other types of esters or hydrazides. Free hydroxy! groups may be 

derivatized to form O-acyl or 0-alkyl derivatives. The imidazole nitrogen of Mstidine 
may be derivatized to form N-im-benzylWstidine. 

Also included as chemical derivatives are those peptides which contain one or 
more naturally occurring amino acid derivatives of the twenty starwlard amino adds. 

15 Examples: 4-hydroxyproiine may be substituted for proline; 5-hydroxylysine may be 

substituted for lysine; 3-methylhistidine may be substituted for histidine; homoserine 
may be substituted for serine; and ornithine may be substituted for lysine. 
Polypeptides of the present invention also include any polypeptide having one or 
more additions and/or deletions or residues relative to the sequence of a polypeptide 

20 whose sequence is shown herein, so long as the requisite activity is maintained. As 

noted herein, polypeptides having an amino acid residue sequence 75-100% 
homologous to a CT sequence identified herein as SEQ ID NO 2 or SEQ ID NO 4, or 
one or more sequential subsets thereof, are espectatly preferred. 

When e polypeptide of the present invention has a sequence that is not 

25 identical to the sequence of CT, to any of the other CT-derived or CT-related 

sequences disclosed herein, or a sequentiai subset thereof, it is typically because one 
or more conservative or rton-conservative substitutions have been made, usually no 
more than about 30 number percent, and preferably no more than 10 number percent 
of the amino acid residues are substituted. Additional residues may also be added at 

30 either terminus of a CT polypeptide for the purpose of providing a *linlcer" by which 

the polypeptides of this invention can be conveniently affixed to a label or solid 
matrix, or carrier. Preferably, the Cnker residues do not form CT epitopes, i.e., ere 
not similar in structure to CT. 

Amino acid residue linkers are usually at least one residue and can be 40 or 

35 more residues, more often 1 to 10 residues, but do not form CT epitopes. Typical 

amino acid residues used for linking are tyrosine, cysteine, lysine, glutamic and 
aspartic acid, or the like. In addition, a subject polypeptide can differ, unless 
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otherwise spedfied. from the natural sequence of CT by the sequence being modified 
by termihal-NHj acylation. e.g.. acetyiation, or thiogiycoiic add amidation, by 
terminal^arboxlyamidatlon. e.g.. with ammonia, methyiamine, and the like tentiinal 
modifications. Terminal modifications are useful, as is well known, to reduce 
5 susceptibility by proteinase digestion, and therefore serve to prolong half life of the 

polypeptides in solutions, particularly biological fluids where proteases may be 
present. In this regard, polypeptide cyclization is also a useful terminal modification. 

When coupled to a carrier to forni what is known in the art as a carrier- 
hapten conjugate, a CT polypeptide of the present invention is capable of Inducing 
10 antibodies that immunoreact with CT. In view of the well established principle of 

immunologic cross-reactivity, the present invention therefore contemplates 
ahtigenically related variants of the polypeptides disclosed herein. An 'antigenically 
related variant* is a subject polypeptide that is capable of inducing antibody 
molecules that immunoreact with homologous polypeptides and preferably with CT. 
15 Any peptide of the present invention may also be used in the form of a 

phamiBceuticaUy acceptable salt. Suitable ecids which are capable of forming salts 
with the peptides of the present invemion include inorganic adds such as 
hydrocMoric acid, hydrobromic add, perchloric add, ftitric add, tNocyanic aidd, 
sulfuric add, phosphoric acetic add, propionic add, glycolic add, lactic acid, pyruvic 
20 add, oxalic add, malonic add, sucdnic add, maleic add, fumaric add, anthranilic 

acid, cinnamic add, naphthalene sulfonic add, sulfanilic add or the like. 

Suitable bases capable of forming setts with the peptides of the present 
invention include inorgenic bases such as sodium hydroxide, ammonium hydroxide, 
potassium hydroxide and the like; and organic bases such as mono-, di- and tri-alkyi 
25 end aryl amines (e.g. triethylamina, diisopropyl amine, methyl emine. dimethyl amine 

and the Nke) and optionally substituted ethanolaminas (e.g. ethanolamine. 
diethanolamine and the like). 

A CT polypeptide can be used, inter alia, in the diagnostic and cell culture 
methods and systems of the present invention. A CT polypeptide can also be used 
30 to prepare an inoculum as described herein for the preperation of antibodies that 

immunoreact with epitopes on CT. In addition, a CT polypeptide can be used in vitro 
to enhance cell culturing techniques and to promote cell attachment, growth, 
elongation, and/or spreading. A CT polypeptide of tWs invention can also be used in 
the therapeutic methods of the present invention as disdosad hereinbelow. 
35 D. Niirfair Arid MnlnritlBS and Vftctors 

1. f^iirlflir Acid Molecules 

DNA segments (i.e.. symhetic oligonudeotides) that encode CT can easily be 
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synthesized by chemical techniques, for example, the phosphotriester method of 
Matteucci. et al.. IJ. Am. Chem. Soc. 103 : 3185-3191 (1981)) or via using 
automated synthesis methods. In addition, larger DNA segments can readily be 
prepared by well known methods, such as synthesis of a grotip of oTtgonucleotides 
5 that define the DNA segment, followed by hybridization and ligation of 

oligonucleotides to build the complete segment. 

Of course, by chemically synthesizing the coding sequence, any desired 
. modifications can be made simply by substituting the appropriate bases for ttiose 
encoding the native amino acid residue sequence. Furthermore. DNA segments 
10 consisting essentially of structural genes encoding CT can be obtained from 

recombinam DNA molecules containing a gene that defmes CT, and can b« 
subsequently modified, as by site directed mutagenesis, to introduce the desired 
substitutions. 

A nucleic acid molecule according to the present invention may be produced 
15 by enzymatic techniques. Thus, restriction enzymes which dsave nucleic acid 

molecules at predefined recognition sequences can be used to isolate nucleic acid 
fragments from larger nucleic acid molecules containing the desired nucleic acid 
molecules such as the DNA (or RNA) that codes for the CT protein. Typically, DNA 
fragments produced in this manner will have cohesive, "overhanging" termini, in 
20 which single-stranded nucleic acid sequences extend beyond the double-stranded 

portion of the molecule. The presence of such cohesive termini is generally preferred 
over blunt-ended DNA molecules. The isolated fragments containing the desired 
coding sequence can then be ligated (cloned) into a suitable vector for amplification 
and expression. 

25 Using PCR, it is possible to synthesize useful polypeptide-encoding 

polynucleotide sequences wNch may then be operatively linked to a vector and used 
to transform or transfect an appropriate cell and expressed therein. Particularly 
preferred methods for producing large quantities of recombinant CT polypeptides and 
proteins of the present invention rely on the use of preselected oligonucleotides as 

30 primers in a polymerase chain reaction (PCR) to form PCR reaction products as 

described herein. 

If the DNA products described above are to be produced by (PCR) 
amplification, two primers, i.e., a PCR primer pair, must be used for each coding 
strand of nucleic acid to be amplified. The first primer becomes part of the nonsense 

35 (minus or complementary) strand and hybridizes to e nucleotide sequence conserved 

among the preferred gene's plus (or coding) strands. To produce coding DNA 
homologs, first primers are therefore chosen to hybridize to (i.e. be complementary 
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to) conserved regions within the gene(8) of choice. 

Second primers become part of the coding (plus) strand aitd hybridize to a 
nucleotide sequence conserved among minus strands. To produce the coding DMA 
homologs, second primers are therefore chosen to hybridize with a conserved 
5 nucleotide sequence at the 5' end of the coding gene such as In that area coding for 

the leader or first framework region. It should be noted that in the amplification of 
the coding ONA homologs the conserved 6' nucleotide sequence of the second 
. primer can be complementary to a sequence exogenously added using terminal 
deoxynucleotidyl transferase as described by Loh et al., ScwnCB 243: 2 1 7-220 
10 (1989). One or both of the first and second primers can contain a nucleotide 

sequence defining an endonuclease recognition site (restriction site). The site can be 
heterologous to the gene being amplified and typically appears at or near the 5' end 
of the primer. 

In PCR, each primer works in combination with a second primer to amplify a 
15 target nucleic add sequence. The choice of PCR primer pairs for use In PCR is 

governed by various considerations, as discussed herein. That is, the primers have a 
nucleotide sequence that is complementary to a sequence conserved in the gene of 
choice. Useful priming sequences are disclosed hereinafter. 

The strategy used for cloning the selected genes will depend, as is well 
20 known in the art, on the type, complexity, and purity of the nucleic acids making up 

the various genes. Other factors Include whether or not the genes are to be 
amplified end/or mutagenized. 

In using PCR technology herein, a DNA primer molecule encoding one or more 
of the aforementioned amino add residue sequences Is preferably utilized. However. 
25 edditlonal nudaotide sequences can bo utilized or revealed by doning the cDNA or 

genomic DNA encoding CT and smaller amino add residue sequences thereof. A 
DNA probe molecule encoding a CT amino acid residue sequence Identical to or 
derived from (e.g., a sequential subset of) a CT amino add residue sequence (such as 
that of SEQ ID NO 5) is preferred. 
30 It should also be understood that the use of mixed, redundant primers that 

encode a targeted amino add residue sequence utnizing different codons for the 
same amino add residue Is also contemplated. The PCR reaction is performed using 
any suitable method. 

After producing various polypaptlde-encoding DNA homologs for one or a 
35 plurality of different genes or DNA molecules, the ONA molecules are typically further 

ampHfied. While the DNA molecules can be amplified by classic techniques such as 
incorporation Into an autonomously replicating vector, it Is preferred to first amplify 
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the molecules by subiecting them to a polymerase chain reaction (PCR) prior to 
inserting them into a vector. PCR is typically carried out by thermocycfing i.e., 
repeatedly increasing and decreasing the temperature of a PCR reaction admixture 
within a temperature range whose lower limit is about 10*C to about 40*C and 
5 whose upper limit is about 90*C to about 100'C. The increasing and decreasing can 

be continuous, but is preferably phasic with time periods of relative temperature 
stability at each of temperatures favoring polynucleotide synthesis, denaturation and 
hybridization. 

PCR amplification methods are described in detail in U.S. Patent Noa. 

10 4,683,1 92. 4,683,202, 4,800,1 59, 4,683,195 and 4.965,1 88 (the disclosures of 

which are incorporeted by reference herein), and at least in several texts including 
'PCR Technology: Principles and Applications for DNA Amplification'. H. Eriich, ed., 
Stoclcton Press, New York (1989); and 'PCR Protocols: A Guide to Methods and 
Applications', Innis et al., eds.. Academic f>res8, San Diego, California (1990). 

15 Various preferred methods and primers for use as disclosed herein are also described 

in Nilsson, et al.. Cell 58 : 707 (1989), Ennis, et al., PNAS USA 87 : 2833-7 (1990), 
and Zemmour, et al., Immunoaflnatics 33: 31 0-20 (1 991 ), for example. 

In particular, for amplifying nucleotide sequences for use in this invention, it 
is preferred to design primers from comparison of 5' and 3' untranslated regions of 

20 known allelic forms (if any), with selection of conserved sequences. Restriction sites 

may also be incorporated into the 5' and 3' primers to enable the emmification 
products to be subdoned into sequencing or expression vectors. It mav also be 
helpful to place a 4-ba8e spacer sequence proximal to the restriction site to improve 
the efficiency of cutting amplification products with enzymes. 

25 , In preferred embodiments only one pair of first and second primers is used 

per amplification reaction. The amplification reaction products obtained from a 
plurality of different amplifications, each using a plurality of different primer pairs, are 
then combined. However, the present invention also contamplates DMA homolog 
production via co-anipllfication (using two pairs of printers), and multiplex 

30 amplification (using up to about 8. 9 or 10 primer pairs). 

The present invention thus includes a variety of novel and useful nucleic acid 
molecules. In one embodiment, a nucleic acid molecule according to the present 
invention has a sequence identified herein as SEQ ID NO 1 or SEQ ID NO 3. or a 
nucleotide sequence substantially homologous thereto. In another variation, a nudeic 

35 acid molecule according to the present invemion encodes a protein homologous to 

the protein identified herein as SEQ ID NO 2 or 4. In alternative embodiments, a 
nucleic acid sequence may comprise a molecule encoding a polypeptide comprising 
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one or more sequemial subsets of the protein identified herein es SEQ ID NO 2. or 
the protein identified as SEQ ID NO 4. In other embodiments, a nucleic add 
molecule of the present invention encodes a polypeptida identified herein as having 
SEQ ID NO 5. 6, 7. 8. 9. or 10, or identified as CTfn3. CTfn6. or CTfn306. to name 
a few preferred embodiments. 

Stin other preferred nucleic add molecules comprise nudeic acid molecules 
encoding an amino add residue sequence identical to, or substantiallv homologous 
to, one of the CT proteins or polypeptides identified herein as SEQ ID NOS 5-10 or 
sequential subsets or derivatives thereof. In one embodiment, a nucleic add 
molecule encodes a polypeptide or protein up to about 250 amino add residues In 
length. In another embodiment, the nudeic add molecule encodes a polypeptide or 
protein of up to about 150 amino acids in length. In yet another embodiment, the 
nudeic add molecule encodes a polypeptide or protein up to about 100 amino adds 
in length. In another variation, the nudeic add molecule encodes e polypeptide up to 
about 50 amino acids in length. In various preferred embodiments, a nucleic add 
molecule of the present invention encodes a polypeptide et least 3 amino acids in 
lengtii. more preferably et least 5 amino adds in length, and even more preferably at 
least 10 amino acids in length. 

Another set of DNA molecules of the present invention encode a polypeptide 
identified herein as CTegf, CTfn1-2, CTfn3. CTfn4, CTfnS, CTspl. CTfn6. CTfn3-6. 
CTfg, or combinations thereof. In other preferred embodiments, a nudeic acid 
molecule eccording to the present invention encodes a chimeric protdn or 
polypeptide, e fusion protein or polypeptide, or a conjugate, wherein the amino add 
sequence encoded by ssid nudeic acid molecule indudes the sequence identified 
herein as SEQ ID NO 2 or SEQ ID NO 4, or one or more sequential subsets thereof. 
In stiU other embodiments, the amino add sequence encoded by said nudeic add 
molecule is substantially homologous to SEQ ID NOS 2 or 4, or one or more 
sequential subsets thereof. 

An espedally preferred nudeic add molecule of the present Invention 
comprises e polynudeotide molecule encoding a protein at least 75% homologous to 
the protein represented by SEQ ID NO 2. or the protein represented by SEQ ID NO 4. 
Alternatively, a polynudeotide molecule of the present Invention encodes e 
polypeptide that is 75-100% homologous to a portion of the proteins identified herein 
es SEQ ID NO 2 or 4. Two preferred nudeotide sequences are identified heroin as 
SEQ ID NOS 1 and 3. 

As noted hereinabove, proteins and polypeptides of the present invention 
may be synthesized (or otherwise modified) using recombinant techniques. Albeit 
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DNA conswucts are described herein as exemplary, it is expressly to be understood 
that RNA molecules are also contemplated for use as disclosed herein. For example, 
a protein or polypeptide of the present invention may be prepered and expressed as 
described in Example 1 hereinbelow. 

When recombinant techruques are employed to prepare a polypeptide of the 
present invention, a nucleic acid (e.g.. DMA) molecule or segment encoding the 
polypeptide is preferably used. A preferred DNA molecule contemplated by the 
present invention is operatlvely linked to a vector that is subsequently expressed in a 
suitable host. The molecule is 'operatlvely linked' to the vector as used herein when 
it is ligated (covalently bound) thereto, according to common usage. The present 
invention also encompasses RNA molecules equivalent to the instantly-disclosed DNA 
molecules. 

Nucleic acid molecules according to the present invention may readily be 
8ynthesi2ed via chemical techniques, e.g.. by the well-known phosphotriester 
method. (See. e.g.. Matteuci et al.. JACS loa ; 3185 (1981).) By chemically 
synthesizing nucleic acid molecules, any desired substitution, insertion or deletion of 
an amino acid residue or sequence from a template polypeptide, e.g., the native 
protein, can be readily provided by simply making the corresponding changes in the 
nucleotide sequence of the ONA molecule. 

Whenever an RNA molecule encoding a polypeptide of the present invention 
is used, the RNA molecule including the polypeptide coding molecule is transcribed 
into complementary DNA (cDNA) via a reverse transcriptase. The cDNA molecule 
can then be transcribed and translated as described herein to generete a desired 
polypeptide. 

In a preferred aspect of the invention, a DNA nucleotide sequence (molecule) 
encoding at leest one of the amino add residue sequences of CT identified herein 
(e.g., SEQ ID NO 2) is operetively linked to a larger DNA molecule. The resultant 
DNA molecule is then transformed or trensfected Into a suitable host and expressed 
therein. 

A nucleic ecid molecule encoding an amino acid residue sequence according 
to the present Invention can be provided with start and stop codons. or one or both 
of the start and stop codons can be provided by a larger nucleic acid molecule (e.g., 
a vector) operatlvely linked to the nucleic add molecule so that only the 
corresponding polypeptide is generated. Alternatively, a nudeic acid sequence 
encoding additional amino acid residues can be provided at the 3' end/or 5' ends of 
the nucleic add molecule so that s lerger polypeptide is expressed having an amino 
acid residue sequence at either or both of its N-terminal and C-terminat ends in 
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addition to an amino add residue sequence of (or derived from) the CT molecule. 
2. Vectors 

Expression of recombinant CT polypeptides and proteins of this invention is 
accomplished through the use of expression vectors into which the PCR ampUfied CT 
sequences described above have been inserted. The expression vectors may be 
constructed utilizing any of the well-known vector construction techniques. Those 
techniques, however, ere modified to the extent that the translatable nucleotide 
. sequence to be inserted into the genome of the host ceU Is flanked -upstream" of the 
sequence by an appropriate promoter and/or enhancer sequence. 

The choice of vector to which a nucleotide segment of the present invention 
is operatively linked depends directly, as is well known in the art. on the functional 
properties desired. e.g.. protein expression, and the host cell to be transfonned or 
transfacted. these being limitations inherent in the art of constructing recombinant 
DMA molecules. However, e vector contemplated by the present invention to at least 
capable of directing the replication, and preferably also expression, of the beneficial 
protein stnictural gene included In DNA segments to which it to operatively Unked. 

Thus, the present invention contemplates a vector that can be operatively 
linked to a nucleic add molecule of the present invention to provide a self-replicating 
recombinant DNA molecule that encodes an instantiy-disdosed CT protein or 
polypeptide, preferably expressing one or more of the CT protein or polypeptide 
sequences identified herein. The recombinant molecule can be used to transfonn or 
transfect suitable host cells so thet the host cells express the desired polypeptide. 
Hence, a preferred nudeic add molecule may be regarded as self-replicating. 

The choice of vector to which a nudeic acid molaojie of the present 
invention to operatively linked depends, as is weU known In ttie art. on the functional 
properties desired, e.g., efficiency of expression, the transformation or transfection 
host cell, and the like. However, a vector of the present Invention to at least capable 
of directing the replication, and preferably also expression, of a nucleic add molecule 
encoding an instant polypeptide or protein. 

In many preferred embodiments, the vector also contains a selectable marker. 
After expression, the product of the translatable nudeotide sequence may then be 
purified using antibodies against that sequence. One example of e selectable merker 
is antibiotic resistance. A plesmid encoding ampicillin or tetracydine resistance (or 
both) may be Induded in each transfection sudi that a population of celte ttiet 
express the geneCs) of choice mey be ascertained by growing the transfectants in 
selection medium. Examples of such vectors induding sudi markers are pUC18. 
pUC19. PKK233-2. and pKK388-1 (Clontech. Palo Alto. CA). 
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In various embodiments, the translatable nucleotide sequence may be 
incorporated into a plasmid with an appropriate controllabla transcriptional promoter. 
transJational control sequences, and a polylinker to simplify insertion of the 
translatable nudeotide sequence in the correct orientation, and may be expressed in 
the host cells. Useful host cells include eukaryotic Insect calls, such as Spodoptara 
frugiparda. or prokaryotic cells, such as Eseheriehia coll. As described In the 
Examples herein, prokaryotic cells are particularly preferred. Preferably, there are 5' 
conuoi sequences defining a promoter for initiating transcription and a ribosome 
binding site operativaly linked at the 5' terminus of the upstream translatable DNA 
sequence. Examples of useful expression vectors including promoters such as tae, 
trc. or Pi, for example, include pTrc99A (Pharmacia, Piscataway, NJ), pKK223-3 
(Clontech), and pDR540tac. 

Prokaryotic gene fusion vectors, which have the ability to exprasa cloned 
genes as fusion proteins, are also useful according to the present Invention. For 
example, protein A vectors pRIT2T or pEZZIS (Phamnacia) use protein A as the 
fusion partner and IgG Sepharose 6FF for affinity purification. Phagemid EZZ18 
(Pharmacia) allows for the secretion of fusion proteins from £. co//fnto the 
surrounding culture medium. 

Anotiier useful protein fusion and purification system is one available from 
New England Biolabs (Beverly, MA), which uses pMAL vectors. In this system, the 
cloned gene is inserted Into a pMAL vector downstream from the malE gene, which 
encodes maltose-binding protein (MBP). This results in the expression of an MBP- 
fusion protein. (See, e.g., Guan, at al.. Gene 67: 21-30 (1987).) The technique uses 
the strong promoter and the translation initiation signals of MBP to express large 
amounts of the fusion protein. The fusion protein is then purified by a one-step 
affinity purification for MBP (KeUerman and Feranci, Math. Engvmol an - 459-463 
(1982)). (Also see RIggs, et al. (eds.). Currant Protocols in Mntor..i«, Ri»i«nY Greene 
AssocAVUey Intersdence, NY (1990) and the manufacturer's instructions 
accompanying the pMAL kit.) 

A particulariy useful system for cloning and expression is the GST gene 
fusion system (Pharmacia, Piscataway, NJ), use of which is described in the 
Examples herein (e.g.. Example 1). In general, however, prokaryotic expression 
vectors useful therein include prrc99A. pKK223-3. and pDR540toc. Useful 
prokaryotic gene fusion vectors include pGEX-UT, pGEX-2T, pGEX-3X, pGEX-4T-1, 
PGEX-4T.2, PGEX-4T-3, pGEX-5X-1. pGEX-5X.2, pGEX-5X-3, and pGEX-2TK; and 
useful protein A vectors include phlT2T or pEZZI 8 (Pharmacia. Piscataway, NJ). 
Kits for doning and expression are also commerdally available and include the GST 
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Gene Fusion System available from Phamiacia (nscataway, NJ). 

To achieve high levels of gene expression In transformed or transfected cells 
- for example, f, coti-h is necessary to use not only strong promoters to generate 
large quantities of mRNA. but also ribosome binding sites to ensure that the mRNA is 
efficiently translated. In f. eo/i, for example, the ribosome binding site includes an 
initiation codon (AUG! and a sequence 3-9 nucleotides long located 3-11 nudaotides 
upstream from the initiation codon (Shine et al.. Nature 254; 34 (1975)). The 
sequence. AGGAQGU, which is called the Shlne-Dalgamo (SDJ sequence, is 
complementary to the 3' end of £. co// 16S mRNA. Binding of the ribosome to 
mRNA and the sequence at the 3* end of the mRNA can be affected by several 
factors, including CD the degrea of complementarity between the SD sequence and 
3* end of the 163 tRNA; and (2) the spacing and possibly the DNA sequence lying 
between the SD sequence and the AUG. (See, e.g., Robens et al., PNAS USA 7fi - 
760 (1979a); Roberts et al., PNAS USA 7R- 5596 (1979W; Guarente et al.^ Scianra 
202: 1428 (1980); and Guarente et al.. Cell 20 : 543 (1980).) 

Optimization is generally echtevsd by measuring the level of expression of 
genes in plasmids in which this spacing is systematically altered. Comparison of 
different mRNAs shows that there are statistically preferred sequences from positions 
-20 to + 13 (where the A of the AUG is position O; see, e.g.. Gold et al., Ann. R«v, 
Microbiol. 3S: 365 (1981). Leader sequences have also bean shown to influence 
translation dramatically (Robens et al., 1979 a, b supra). Binding of the ribosome 
may also be affected by the nucleotide sequence following the AUG, which affects 
ribosome binding. (See, e.g., Taniguchi et al., J. Mol. Bini 11 r- 533 (1978).) 

Vectors for use in producing large quantities of the recombinant polypeptides 
and proteins of tWs invention may be designed for the expression of proteins In 
bacteria, in mammalian cells or in insect cells. For expression in bacterial f. co//, the 
expression vectors are preferably utilized in conjunction with bacterial "host" cells 
adapted for the production of useful quantities of proteins or polypeptides. Such 
vectors may include a prokaryotic replicon i.e., a nucleotide sequence having the 
ability to direct autonomous replication and maintenance of the recombinant DNA 
molecule extra-chromosomally In a prokaryotic host cell, such as a bacterial host cell, 
transformed therewith. Such repiicons are well known in the art. In addition, those 
embodiments that include a prokaryotic replicon may eiso include a gene whose 
expression confers a selective advantage, such as drug resistance, to a bacterial host 
transformed therewith. Typical bacterial dnjg resistance genes ere those that confer 
resistance to ampicillin or tetracycline. Vectors typically also contain convenient 
restriction sites for insertion of uenstatable nucleotide sequences. 
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Tha prokaryotic expression vectors also contain promoters which can be used 
in the microbial organism for expression of its own proteins. Those promoters most 
commonly used include the beta-lactamase and lactose promoter systems and the 
tryptophan promoter system as described in the European Patent Applicmion No. 
0125023. the relevent disclosures of which ere incorporated by roference herein. 

Promoter sequences compatible with bacterial hosts, such as n tae promoter, 
are typically provided in plasmid vectors having convenient restriction sites for 
insertion of a DNA molecule of the present invention. Promoter sequences 
compatible with bacterial hosts are typically provided In plasmid vectors eomaining 
convenient restriction sites for insertion of a DNA segment of the present Invention. 
Exemplary prokaryotic expression vectors include the plasmlds pUC8. pUC9. pUC18, 
PBR322. and pBR329 available from BioRad Uboratories (Richmond. CA). pPL and 
PKK223 available from Pharmacia (Piscataway. NJ). and pBS. M13mp19. pNHSa. 
PNH16A. pNHISa. and pNH46a (Stratagene. La Jolla. CA). Other exemplary vertors 
Include pCMU (Nilsson, et al.. fialLSfi: 707 (1989)). Other appropriate vectors may 
also be synthesized, according to known methods; for example, vectors pCMU/K* 
and pCMUII are modifications of pCMUIV (Nilsson. et al.. si^]. 

Exemplary cloning end expression vector systems for use according to the 
within-described mettiods include those described in Example 1 herein. For example, 
the pGEX system is particulariy useful eccording to the wtthin^isdosed methods. 

Successfully transformed or transfected cells. I.e., cells that contain a rDNA 
molecule of the present invention, can be identified by well known techniques. For 
example, celts resulting from the Introduction of an rDNA of the present invention 
can be subjected to assays for detecting the presence of specific rDNA using a 
nucleic add hybridization matiiod such as that described by Southern. J. Moi. Ri«i 
flfl: 503 (1975) or Berent et al.. Biotech, 208 (1985). 

In addition to directly essaying for the presence of rDNA. successful 
transformation or transfection can be confirmed by well known immunological 
methods for the presence of expressed protein. For example, cells successfully 
transformed or transfected with an expression vector produce proteins which then 
can be assayed directiy by immunological methods or for tiie presence of the 
function of the expressed protein. 

It will be understood that this Invention, elthough described herein in terms of 
various preferred embodiments, should not be construed as limited to the host cells, 
expression vectors and expression vectors systems exempUfied. Other expression 
vector systems, well known to one of ordinary skill in the art and described by 
Kaufman, et al.. in Current Prornrnla in Mni«r..i„ Ri^inyry Ausubel et al.. eds.. Unit 
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16. New York (1990), are contemplated for preparing recombinarrt CT polypeptides 
and proteins for use In this Invention. 

Expression vectors compatible with eukafyotic cells, pref eraWy those 
compatible with vertebrate cells, can also be used to form a recombinant DNA 
molecule as described above. Eukaryotic ceU expression vectors are well known in 
the art and are available from several commercial sources. Typicany, such vectors 
ere provided with convenient restriction sites for insertion of the desired DNA 
molecule. Typical of auch vectors are pSVL and pKSV-10 |Pharm«dal. pBf»V- 
lpML2d (International Biotechnoloflies. Inch pXTl and pSG5 (Stratagene. U Jolla. 
CA» and pTDTI (ATCC. #31255). Other useful vectors Include the pREP series 
vector, and pEBVhIs. which are available from Invitrogen (San Diego. CA): vector. 
PTOT1 (ATCC #31265). pCPI (ATCC #37351) and pJ4W <ATCC #37720). avaPable 
from the American Type Culture Collection (ATCC): and other, similar expression 
vectors. A preferred drug resistance marker for use In vectors compatible with 
eukaryotic cells is the neomycin phosphotransferase (neo) gene. (Southern et al.. J. 
MoLAaBLOfiOflX^: 327-341 (1982)). 

Retroviral expression vectors capable of generating the recombinant DNA of 
the present Invention are also contemplated. The constniction and use of retroviral 
vectors for generating desired DMA molecules have been described by Sorge, et al.. 
M»i r«n Biol. 4: 1730-37 (1984). 

A number of methods are available to operatively link DNA to vectors v.a 
complementary cohesive tem,ini. For Instance, complementary homopolymer tracts 
can be added to the DNA molecule to be inserted and to the vector DNA. The vector 
end DNA molecule are then allowed to hybridize by hydrogen bonding between the 
complementary homopolymer tail, to fom. recombinant duplex DNA molecules. 

Alternatively, synthetic Unkers containing one or more restriction srtes can be 
used to Join the DNA molecule to vectors. When the DNA molecule is generated by 
endonudease restriction digestion, as described eariier. it is treated with 
bacteriophage T4 DNA polymerase of £. coJi DNA polymerase I which removes 
protniding 3' single-stranded termini and fills in recessed 3' ends. Blunt-ended DNA 
molecules are thereby generated. 

Blunt-ended DNA molecule, are incubated with a large molar excess of linker 
moleculM in the presence of an enzyme that Is able to c«alyze the ligation of blunt- 
ended DNA molecules, such as bacteriophage T4 DNA liga^,. Thus, the product, of 
the reaction are DNA molecule, bonded at their ends to linker sequences having 
restriction sites therein. The restriction sites of these DNA molecules are then 
Ceav«l with the appropriate restriction enzyme and the molecules ligated to an 
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expression vector hsving termini compatible with those of the cleaved DMA molecule. 
Synthetic linkers containing a variety of restriction endonuclease sites are 
commercially available from a number of sources including Imemational 
Biotechnologies, Inc. (New Haven. CD. 
5 3. TrnnafQrmationn'rangfflctlfln of Hoats 

The present invention also relates to host cells transformed or transf acted 
with a recombinant DNA molecule of the pressm invention. The host ceD can be 
either proicaryotic or eukaryotic. Preferred prokaryotic host cells are strains of f. coU, 
e.g., the £, cdii strain NM522 available from Stratagene (La Jolla. CA). Preferred 

10 eukaryotic host cells include yeest and mammalian cells, preferably vertebrate cells 

such as those from mouse, rat, monkey or human fibroblastic cell Hna. Preferred 
eukaryotic host cells also include Chinese hamster ovary (CHO) cells, such as those 
available from the ATCC as CCL61, and NIH Swiss mouse embryo cells NIH/3T3 
available from the ATCC as CRL 1658. 

15 Transformation or transf action of appropriate cell hosts with a recombinant 

DNA molecule of the present invention is accomplished by well known methods that 
typically depend on the type of vector used. With regard to transformation of 
prokaryotic host cells, see, for example, Maniatis at al.. Molecular aonino. A 
Laboratory Manual. Cold Spring Harbor Laboratory^ Cold Spring Harbor, NY (1982). 

20 With regard to transf action of vertebrate cells writh retroviral vectors contsining RNA 

encoding the instant polypeptides and a reverse transcriptsse, see, e.g., Sorgs et al.. 
Mol Cnn. Hinl. At 1730-37 (1984). 

Successfully transformed or transfected calls, i.e., those containing a 
recombinant DNA molecule of the present invention, can be identified by well known 

25 techniques. -For example, transformed or transfected cells can be donad to produce 

morwdonal colonies. Cells from those colonies can be harvested, iysed and their 
DNA content examined for the presence of the desired DNA molecule using a method 
such as that described by Southern, J. Mol. Biol. 98 : 503 (1975). 

In addition to directly assaying for the presence of the desired DNA molecule, 

30 successful transformation or trartsf action can be confirmed by well known 

immunological methods when the DNA directs expression of the polypeptides of the 
present invention. Samples of cells suspected of being transformed or transfected 
ara harvested and assayed for antigenicitY by antibodies that specifically bind to the 
instant polypeptides. 

35 In addition to the transformed or transfected host cells themselves, else 

contemplated by the present invention are cultures of those cells. Nutrient media 
useful for culturing transformed or transfected host cells are well known in the art 
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and can be obtained from several commercial sources. In embodiments wherein the 
host cell is mammalian a "serum-free" medium is preferably used. 

Methods for recovering an expressed protein from a culture are well known in 
the art. For instance, gel filtration, gel chromatography, ultrafiltration, 
5 electrophoresis, ion exchange, affinity chromatography and related techniques can be 

used to isolate the expressed proteins found in the cuhure. In addition, 
immunochenucal methods, such as immunoaffinity, immunoadsorption, and the like, 
can be performed using well known methods, as exemplified by the methods 
described herein. 
10 E. ^vhridomas 

1. Hvhririomaa 

Hybridomas of the present invention are those which are characterized as 
having the capacity to produce an antibody, including a monoclonal antibody, of the 
present invention. Particulariy preferred entibodies as disclosed herein include anti- 

15 CT antibodies, antl-CT polypeptide antibodies, and anti-(CT idiotype) entibodies, to 

nema a few examples. 

Methods for producing hybridomas producing (secreting) antibody molecules 
having a desired Immunospedficity, i.e., having the ability to immunoreact wrtth a 
particular protein, an identifiable epitope on e particular protein end/or a polypeptide. 

20 are generally weH known in the art. For example, useful methods are described by 

Niman at al., pmas USA 80 : 4949-4953 (1983), and by Galfre et el., MBth. Enzvmol. 
2a: 3-46 (1981). Other methods are described in U.S. Patent Nos. 5,180,806. 
5,114,842. 5.204.445. and RE 32.01 1 , the disclosures of which are incorporated by 
reference herein. 

25 A hybridoma ceU is typically formed by fusing en antibody-producing cell and 

a myeloma or other self-perpetuating cell line. Such a procedure was described by 
Kohler and Milstein. N«t.if« 256: 495-497 (1975). It is preferred that the myeloma 
call line be from the same species as the lymphocytes. A mouse of the strain 129 
GIX* is one prefen^ed mammal. Suitable mouse myelomas for use in the present 

30 invemion include the hypoxanthine-aminopterin-thymidine-sensitive (HAT) cell lines 

P3X63-Ag8.653. end Sp2/0-Ag1 4 that are evailable from the American Type Culture 
Collection. Rockvllle, MD, under the designations CRL 1580 and CBL 1581. 
respectively. 

Typically, hybridomas of the present invention are produced by using, in the 
35 above techniques as an immunogen. a substantially pure CT protein. CT homolog. a 

CT polypeptide, e CT llgand, a CT receptor, or any other CT derivative of the present 
invention. Methods of generating antibodies via preparation of hybridomas are 
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f urther described in Subsection 3 below. 
2. Inoeula 

In another embodiment, a protein or polypeptide of this invention, an 
antigenicatly related variant thereof, or a protein or polypeptide at least 75% 
5 homologous to at least a portion of the CT protein identified herein as SEQ ID NO 2 

or SEQ ID NO 4, or a CT polypeptide identified herein as SEQ ID NOS 5-10, is used in 
a phannaceutically acceptable aqueous diluent composition to form an inoculum that, 
when administered in an effective amount, is capable of inducing antibodies that 
immunoraact with a CT protein or polypeptide. The word 'inooilum' In its various 

10 grammatical forms is used herein to describe a composition containing a CT protein 

or polypeptide of this invention as an active ingredient used for the preparation of 
antibodies against a CT protein or polypeptide. 

When a polypeptide is used to induce antibodies it is to be understood that 
the polypeptide can be used alone, or linked to a carrier as a conjugate, or as a 

15 polypeptide polymer, but for ease of expression, the various embodiments of the 

polypeptides of this invention are collectively referred to herein by the term 
'polypeptide', and its various grammatical forms. For a polypeptide that contains 
fewer then about 35 amino acid residues, it is preferable to use the peptide bound to 
a carrier for the purpose of inducing the production of antibodies as already noted. 

20 As previously noted, one or more additional amino acid residues can be added 

to the amino- or carboxy-teranini of the polypeptide to assist in binding the 
polypeptide to a carrier. Cysteine residues added at the amino- or carboxy-termini of 
the polypeptide have been found to be particulariy useful for forming conjugates vie 
disulfide bonds. However, other methods well known in the art for preparing 

25 conjugates can also be used. Exemplary additional linking procedures include the use 

of Michael addition reaction products, di-aldehydes such as glutaraldehyde, Klipstein 
«t al., J. Infect. Pis.. 1A7. 318-326 (1983) arid the like, or the use of carbodiimide 
technology as in the use of a water-soluble carbodiimide to form emide links to the 
carrier. For a review of protein conjugation or coupling through activated functional 

3 0 groups, see Auramaas, at al., Scand. J. Immunol. Vol. 8, Suppl. 7, 7-23 n 978). 

Useful carriers are well known in the art, and are generally proteins 
themselves. Exemplary of such carriers are keyhole limpet hemocyanin (KLH), 
edestin, thyroglobulin. albumins such as bovine serum albumin (BSA) or human serum 
albumin (HSA), red blood cells such, as sheep erythrocytes (SRBC). tetanus toxoid. 

35 and cholera toxoid, as well as polyamino acids such as poly (D-lysine: D-glutamic 

acid), and the like. The choice of carrier is more dependent upon the ultimate use of 
the inoculum and is based upon various criteria. For example, a carrier that does not 
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generate an untoward reaction in the particular animal to be inoculated should be 
selected. 

The present inoculum contains an effective, immunogenic amount of a CT 
protein or polypeptide of tNs invention: as noted above, a smaller polypeptide may 
5 be used as a conjugate (i.e.. linked to a carrier). The effective amount of polypeptide 

or protein per unit dose depends, among other things, on the spectas of animal 
inoculated, the body weight of the animal, and the chosen inoculation regimen as is 
well known in the art. Inocula typically contain polypeptide or protein concentrations 
of about 10 micrograms to about 500 milligrams per inoculation (dose), preferably 

10 about SO micrograms to about 50 milligrams per dose. 

Th9 term 'dose" or "unit doss" as it pertains to the inocula of the present 
invention refers to physically discrete units suitable as unitary dosages for animals, 
each unit containing a predetermined quantity of active material calculated to 
produce the desired immunogenic effect in association with the required diluent; i.e., 

15 carrier, or vehicle. The specifications for the novel unit dose of an inoculum of this 

invention are dictated by and are directly dependent on (a) the unique characteristics 
of the active material and the particular immunologic effect to be achieved, and (b) 
the limitations inherent in the art of compounding such active material for 
immunologic use in animals, as disclosed in detail herein, these being features of the 

20 present invention. 

Inocula are typically prepared by dispersing a polypeptide, polypeptide- 
conjugate, or protein in a physiologically tolerable (acceptable) diluent or vehicle such 
as water, saline or phosphate-buffered saline to form an aqueous composition. For 
example, inocula containing CT protein are typically prepared from substantially pure 

25 CT protein by dispersion in the same physiologically tolerable diluents. Such diluents 

are well known in the art and are discussed, for example, in Remington's 
PharmacButlcal Sciences. 16th Ed.. Mack Publistiing Cornpahy, Easton, PA (1980) at 
pages 1466-1467. 

Inocula may also include an adjuvam as a component of the diluent. 

30 Adjuvants such as complete Freund's adjuvant (CFA), incomplete Freund's adjuvant 

(IFA) and alum are materials well known in the art. and are available conwnercially 
from several sources. 

F. Aritlbodiag and Antibody Compositions 

The present invention also discloses antibodies (including anti-idiotype 
35 antibodies) and antibody compositions, which immunoreact with an instant protein, 

polypeptide, or antibody. An antibody composition of the present invention 
preferably comprises antibody molecules capable of immunoreacting with CT proteins 
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or polypeptides of the present invention, or with CT receptors. Thus, en antibody 
composition binds to one or more epitopes presented by the CT protein or 
polypeptide In cellular or cell-free environments. 

One prefenvd antibody composition of the invention immunoreacts with a CT 
protein or polypeptide. Particularly preferred antibody compositions In this regard are 
monoclonal, altiwugh polyclonal antibodies are also useful as disclosed herein. Other 
preferred compositions include antibodies tiiat immunoreact with anti-CT protein or 
polypeptide' antibodies; i.e., they are anti-idiotype antibodies. Briefly, a preferred 
arrtibody composition is generated by immunizing animals (e.g., mice) with avian or 
mammalian CT or a CT-derived polypeptide of this invention. The antibodies 
generated are screened for binding affinity for a CT protein or polypeptide of the 
instant invention. Isolated CT or CT polypeptides may be used for screening the 
antibodies. 

Many of the instantiy-disclosed Abs Immunoreact with CT proteins, 
polypeptides, or both. As a result, the present invention also contemplates methods 
for inhibiting the binding of CT proteins or polypeptides to CT receptors. Anti-CT 
polypeptide Abs may also be used to Inhibit CT or CT polypeptide function; for 
example. anti^TTf n3 and ami-CTfn6 Abs interfere with the stimulatory effects of 
Ctfna and CTfnS. 

A preferred antibody composition as contemplated herein is typically 
produced by immunizing an animal (typically, a mammal) with an inoculum containing 
avian or mammalian CT, a CT polypeptide, or a CT derivative of the present 
invention, thereby inducing in the mammal antibody molecules having the appropriate 
immunospeclfidty for the immunogenic agent. The antibody molecules are then 
collected from the mammal, screened and purified to the extent desired using well 
known techniques such as, for example, immunoaffinity purification using the 
immunogen immobilized on a solid support. The antibody composition so produced 
can be used, biter alia. In the diagnostic and therapeutic methods and systems of the 
present invention. 

A monoclonal antibody composition (mAb) is also contemplated by the 
present invention, as noted before. The instantiy-disclosed mAb compositions thus 
typically display a single binding affinity for any antigen with which they 
immunoreact. However, a given monoclonal antibody composition may contain 
antibody molecules having two different antibody combining sites, each 
immunospecific for a different antigenic determinant, i.e.. a bispecific monoclonal 
antibody. 

An instant mAb is typically composed of antibodies produced by clones of a 



V/0 96mSl3 



PCTAIS9S/11684 



-38- 

singla cell that produces one kind of antibody molecule. Preferred hybridontas and 
methods of preparing same are described in Section E end Examples 2-4 herein. In 
general, however, the present invention contemplates a method of forming a 
monoclonal antibody molecule that immunoraacu with a CT protein, polypeptide, 
5 derivative or antibody of the present invention. One method comprises the steps of: 

(a) Immunizing an animal with an immunogenic agent of this invention. Use 
of at least a portion of CT as the immunogen is pref ened. The immunogen may be a 

. protein taken directly from a subject animal species. However, the antigen can also 
be linked to a carrier protein such as keyhole limpet hemocyanin, partlculariy whan 

10 the antigen is small, such as a polypeptide consisting essentlaUy of a sequential 

subset of the a.a. residue sequence identified herein as SEQ ID NO 2 or 4. The 
immunization is typically performed by administering the sample to an 
immunologically competent mammal In an immunologically eHective amount, i.e., an 
amount sufficient to produce an Immune response. Preferably, the mammal Is a 

15 lagomorph such as a rabbit, or a rodent, such as a rat or mouse. The mammal is 

then maintained for a time period sufficient for the mammal to produce cells 
secreting antibody molecules that immunoreact with the immunogen. 

(b) A suspension of antibody-producing cells removed from the immunized 
mammal is then prepared. This is typically eccomplished by removing the spleen of 

20 the mammal and mechanically separating the individual spleen cells In a 

physiologically tolerable medium using methods well known in the art. 

(c) The suspended antibody-produdng cells are treated with a transforming 
agent capable' of producing a transformed ("immortalized") cell line. Transforming 
agents and their use to produce immortalized cell lines are well known in the art and 

25 Include DNA viruses such as Epstoin-Barr virus (EBV). simian virus 40 (SV40), 

polyoma virus and the like, RNA viruses such as Moloney murine leukemia virus (Mo- 
.MuLV), Rous sarcoma virus and the like, myeloma cells such as P3X63-Ag8.653, 
Sp2/0-Ag14 and the like. 

In preferred embodiments, treatment with the transforming agent results in 
30 the production of an "immortalized" hybridoma by fusing the suspended spleen cells 

with mouse myeloma celts from a suitable cell Bne, e.g., SP-2. by the use of a 
suitable fusion promoter. The preferred ratio Is about 5 spleen cells per myeloma 
cell In a suspension containing about 10* splenocytes. A preferred fusion promoter is 
polyethylene glycol having an average molecule weight from about 1000 to about 
3 5 4000 (commerdally available as PEG 1000, etc.); however, other fusion promoters 

known in the art may bo employed. The cell line used should preferably be of the so- 
called "drug resistant* type, so that unfused myeloma calls will not survive in e 
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selective medium, while hybrids will survive. The most common class is 8- 
azaguanina resistant cell lines, which lack the enzyme hypoxanthine-guanine 
phosphoribosyl transferase and hence wiH not be supported by HAT (hypoxanthine, 
aminopterin, and thymidine) medium. It is also generally preferred that the myeloma 
5 cell line used be of the so-called 'non-secreting' type which does not ItsoH produce 

any antibody. In certain cases, however, secreting myeloma lines may be preferred. 

(d) The transformed cells are then cloned, preferably to monodonaltty. The 
cloning is preferably performed in a tissue culture medium that does not sustain 
(support) non-transformed cells. When the transformed cells are hybridbmas, tills Is 

10 typically performed by diluting and cutturing in separate containers the mucture of 
unfused spleen cells, unf used myeloma cells, and fused cells (hybridomas) in a 
selective medium which will not sustain the unfused myeloma cells. The calls are 
cultured in this medium for a time sufficient to ellow death of the unfused cells 
(about one week). The dilution con be a limiting dilution, in which the volume of 

15 diluent is statistically calculated to isolate e certain number of cells (e.g., 0.3-0.5) In 

each separate container (e.g., each well of a microtiter plate). The medium is one 
(e.g., HAT medium) that does not sustain the drug-resistant (e.g., 8-azaguanine 
resistant) unfused myeloma cell line. 

(e) The tissue culture medium of the cloned transformants Is analyzed 
2 0 (immunologically assayed) to detect the presence of antlbofiy molecules that 

preferentially react with the Instant CT-related proteins or polypeptides or ~ in the 
case of anti-idiotype antibodies - with antibodies to CT proteins or polypeptides. 
This may be accomplished using well known immunological techniques. 

(f) A desired transformant Is then selected and grown in an appropriate 

25 tissue culture medium for e suitable length of time, followed by recovery (harvesting) 

of the desired antibody from the culture supernatant by well known techniques. A 
suitable medium and length of cuKuring time are also well known or are readily 
determined. 

A monoclonal anti-CT protein or polypeptide entibody contains, within 
30 detectable limits, only one species of antibody combining site capable of effectively 

immunologically binding a CT protein or polypeptide and displays a single binding 
affinity f or a CT protein or polypeptide. It should also be understood that the present 
invention comempletes 'humanized' antibodies, which may be prepared via a variety 
of well-known methods. 
35 To produce a much greater concentration of slightly less pure monoclonal 

amibody, the desired hybridome can be transferred by injection into mice, preferably 
syngentc or semisyngenic mice. The hybridome causes formation of antibody- 
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prodticing tumors after a suitable incubation time, which results in a high 
concenuation of the desired antibody (about 5-20 mg/ml) in the bloodstream and 
peritoneal exudate (ascitesi of the host mouse. 

Media and animals useful for the preparation of these compositions are both 
well known in the art and commercially available and include synthetic culture media, 
inbred mice and the like. An exemplary synthetic medium Is Dulbecco's minimal 
essential medium (OMEM; Dulbecco et al., Virol. 8: 396 (1959)) supplemented with 
4.5 gm/l glucose, 20 mM glutamine, tad 20% fetal calf serum. A preferred inbred 
mouse strain is Balb/c. 

Methods for producing the instant hybridomas which generate (secrete) the 
antibody molecules of the present invention are well known in the art and are 
described further herein. Particulariy applicable descriptions of relevant hybridoma 
technology are presented by Niman et al., PNAS USA BO; 4949-4953 (1983), and by 
Galfre et al.. Math, gnrvmnl 73- 3-48 (1981). Monoclonal antl-CT protein or 
polypeptide antibody compositions may also be produced using methods well known 
In the art. See. for example, Antibodias: A Labomtorv M«n..«.i Hariow and Lane, 
eds.. Cold Spring Harbor, NY. The disclosures of the foregoing articles are 
iru^orporated herein by reference. 

A monodonat antibody can also be produced by rhethods well known to 
those skilled in the art of producing chimeric antibodies. Those methods include 
isolating, manipulating, and expressing the nucleic add that codes for ail or part of 
an immunoglobulin variable region induding both the portion of the variable region 
comprising the variable region of immunoglobulin light chain and the portion of the 
variable region comprising the variable region of immunoglobulin heavy chain. 
Methods for isolating, manipulating, and expressing the variable region coding nudeic 
acid in prokaryotic and eukaryotic hosts are disdosed in the following, the 
disclosures of which are incorporated by reference herein: Robinson et al., PCT 
Publication No. WO 89/0099; Winter et al., European Patent Publication No. 
0239400: Reading. U.S. Patent No. 4.714,681; Cabilly et al., European Patent 
Publication No. 0125023; Sorge et al.. Mol. Cali Rinl. Ar 1730-1737 (1984); Baher et 
al.. Sdanea ?40: 1041-1043(1988); Skerra et al.. Snanca 1030-1041 (1988); 
and Oriandi et al., PNAS U.S.A. 86: 3833-3837 (1989). Typically the nudeic add 
codes for all or part of an immunoglobulin variable region that binds a preselected 
antigen (iigand). Sources of such nudeic adds are well known to one skilled in the 
art and, for example, can be obtained from e hybridoma producing a morradonal 
antibody that binds the preselected antigen, or the preselected antigen can be used 
to screen an expression library coding for a plurality of immunoglobulin variable 
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regions, thus isolating the nucleic add. 

A further preferred method for forming the instant antibody compositions 
involves the generation of libraries of Fab molecules using the method of Husa et al., 
Setanea 246: 1 275 < 1 989). In this method. mRNA molecules for heavy and Oght 
5 antibody chains are isolated from the immunized animal. The mRNAs are amplified 

using polymerase chain reaction (PGR) techniques. The nucleic adds are then 
randomly doned into lambda phage to generate a library of recombined phage 
partidas. The phage are used to infect an expression host such as £ coU. The £. 
CO// colonies and corresponding phage recombinants can than be screened for those 

10 produdng the desired Fab fragments. Prafarrad lambda phage vectors include Agtl 1 , 

Azap II, and pComb3. 

An antibody molecule^ntaining composition according to tha present 
invention can take the form of a solution or suspension. The preparation of a 
composition that contains antibody molecules as active ingredients is well understood 

15 in the art. Typically, such compositions are prepared as liquid solutions or 

suspensions, however, solid forms suitable for sdution in, or suspension in, liquid can 
also be prepared. The preparation can also be emulsified. The active therapeutic 
ingredient is often mixed with exdpients which do not interfere with the assay and 
are compatible with the active ingredient. Suitable exdpients are. for example, 

20 water, saline, dextrose, glycerol, ethenol, and the liica, and combinations thereof. In 

addition, if desired, the composition may contain minor amounts of auxiliary 
substances such as wetting or emulsifying agents, pH buffering egents and the like, 
which enhance the effectiveness of the active ingredient. 

An antibody molecule composition may further be formulated into a 

25 neutraSzed acceptable salt form. Acceptable salts indude the add addition salts 

(formed with the free amino groups of tha antibody molecule) that are formed with 
inorganic adds such as, for example, hydrochloric or phosphoric adds, or such 
organic adds as acetic, tartaric, mandelic, and the like. Salts fbrmed with the free 
carboxyl groups may also be derived from inorganic bases such as, for example, 

3 0 sodium, potassium, ammonium, caldum, or ferric hydroxides, and such organic bases 

as isopropylamine, trimethylamine, 2-ethylamino ethanol. histidine, procaine, and the 
like. 

Antibodies and antibody compositions of the present invention indude 
monodonal and polydonal antibodies, and further indude anti-peptide antibodies, 
3 5 enti-CT-derivative antibodies, anti-peptide antibodies, anti-CT protein or polypeptide 

antibodies, anti-CT receptor binding site-specific antibodies, and anti-ICT idiotype) 
antibodies. Methods of preparing the foregoing types of antibodies are generally 
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diselosed hereinabove and in Exampies 2-4 balow. In general, depending on the type 
of immunogan used. It is anticipated that antibodies with the desired apedficitv may 
be produced and isolated. 

For example, the present invention contemplates an antibody comprising 
antibody molecules (or f ragmems thereof) that Immunoreact with CT at a preselected 
or predetermined receptor binding site. Stated differentiy, the antibody is specific for 
one or more of the receptor binding aites on CT as defined herein, and is referred to 
. as an antl-CT receptor binding she specific antibody. 

An anti-CT receptor binding site specific antibody is capaUe of 
immunologically binding with a CT protein or polypeptide but does not specifically 
bind molecules lacking the epitope recognized by the antibody. For example, a 
CTf n6 receptor binding sita-spedfic antibody binds the CTfn6 binding site present on 
CT or on a CT polypeptide including the CTfn6 segment and thus inhibits the binding 
of the CT protein or polypeptide to its cognate receptor at said site. It is expressly to 
be appredated that the specified CT binding site - e.g., a CTfn3 or CTfn6 binding 
site - is that portion of CT that is bound by its cognate receptor. Ragments derived 
from or homologous to CT may also contain a CT binding site <e.g., a CTfn3 binding 
site, a CTfn6 binding site, or both). 

In preferred embodiments an, an anti-CT receptor binding site specific 
antibody of this invention comprises antibody molecules that Immunoreact with <a) 
CT, and (b) a CT polypeptide of this invention. Preferably, an anti-CT receptor 
binding site specific antibody of the present invemion does not immunoreact with 
CTfn3 or CTfriS, or with one or more of tiie polypeptides identified herein as SEQ ID 
NOS 5-10. In another embodiment, an anti-CT receptor binding site spedfic antibody 
of the present invention immunoreacts with CTfn3 or with CTfh6. but not both. 

In various preferred embodiments, a composition containing an anti-CT 
receptor binding site spedfic antibody of the present invehtioh is substantiaUy free of 
antibody molecules that immunoreact with epitopes otiier than a CT binding site. 
Antibody reactivity with a CT polypeptide can be measured by a variety of 
immunological assays known in the art. Exemplary immunoreaction assays are 
described herein. 

An anti-CT receptor binding site spedfic antibody of the present invention is 
typically produced by immunizing an animal witii an inoculum containing a CT 
polypeptide of this invention and thereby induce in the animal antibody molecules 
having immunospedfidty for the immunizing polypeptide. The antibody molecules 
are then collected from the animal and isolated to the extent desired by well known 
techniques such as, for example, by using DEAE Sephadex to obtain the IgG fraction. 
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Exemplary antibody preparation methods using CT polypeptides in the immunogen 
are described herein. 

The preparation of antibodies against proteins or polypeptidea is weU known 
in the art. (See, e.g.. Staudt at al.. .1 Fkp. Mnti. 157: 687-704 (1983)). In order to 
5 generate anti-CT receptor binding site-specific antibodies, then, a laboratory animal is 

inoculated with an immunologically effective amount of a CT protein or polypeptide, 
typically as presem In a vaccina of the present invention. The anti-CT polypeptide 
antibody molecules induced thereby are then coUected from the animal and, are 
isolated to the extent desired by weU known techniques including, without limitation, 
10 immunoafflnity chromatography. 

To enhance their specificity, the antibodies are preferably purified by 
immunoafflnity chromatography using solid phase-affixed immunizing protein or 
polypeptide. The antibody is contacted with the solid phase-affixed immunizing 
agent for a period of time sufficient for the agent to immunoraact with the antibody 
IS molecules to form a solid phase-affixed immunocomplex. The bound antibodies are 

separated from the complex by standard techniques. 

The word "inoculum" In its various grammatical forms Is used herein to 
describe a composition containing a CT protein or polypeptide of this invention as an 
active ingredient used for the preparation of antibodies of this invention. .When a 
20 protein or polypeptide is used in an inoculum to induce antibodies, it is to be 

understood that the protein or polypeptide can be used in verious embodiments. e.g., 
alone, or linked to a carrier as a conjugate or as a polypeptide polymer. 

For ease of expression, the various embodiments of the proteins and 
polypeptides of this invention may henceforth be collectively referred to herein by the 
25 term "polypeptide" and its various grammatical forms. 

In embodiments of the present Invention wherein a CT-derived polypeptide 
contains fewer than aijout 35 amino acid readues. it is preferable to use the peptide 
bound to a carrier for the purpose of Inducing the production of antibodies. One or 
more additional amino acid residues can be added to the amino- or carboxy-termini of 
30 the polypeptide to essist in binding the polypeptide to a carrier. Cysteine residues 

added at the amino- or carbdxy-termini of tiie polypeptide have been found to be 
perticulariy useful for forming conjugates via disulfide bonds. However, other 
methods well known In the ert for preparing conjugates can also be used. 

The techniques of polypeptide conjugation or coupling through acth/ated 
35 functional groups presently knovw in the art are perticulariy applicable. See. for 

example, Aurameas. at al., Rmnfi. .1. Immunnl. ft (SuPPl. 7>: 7-23 (1978) and U.S. 
Patent No. 4.493.795. No. 3,791,932 and No. 3.839,153, the disclosures of which 
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are incorporated heroin by reference. In addition, a site directed coupUng reaction 
can be carried out so that any loss of activity due to polypeptide orientation after 
coupling can be minimized. See. for example. Rodwell et al.. BiatflCh^: 889-894 
(19B5J. and U.S. Patent No. 4.671,958. incorporated by reference herein. 

Exemplary additiorwl linking procedures Include the use of Michael addition 
reaction products, di-aldehydes such as glutaraldehyde <see. e.g., Kllpstein, et al.. J» 
infArt nis. 147: 318-326 (1983)) and the Hke. or the use of carbodflmide technology 
as in the use of a water-soluble carbodiimide to form amide links to the carrier. 
Alternatively, tiie heteroWfunctional cross-linkar SPDP (N-succinimidyl-3-(2- 
pyridyldithio) propionate)) can be used to conjugate peptides, in which a carboxy- 
terminal cysteine has been introduced. 

Useful carriers are wall known In the art. and are generally proteins 
themselves. Exemplary of such carriers are keyhole limpet hemocyanin (KLH). 
edestin, thyroglobulin. albumins such as bovine serum albumin (BSA) or human serum 
albumin (HSA). red blood cells such as sheep erythrocytes (SRBC), tetanus toxoid, 
cholera toxoid, polyamino acids such as poly (CWysine: D-glutamic acid), and the like. 

The choice of carrier is generelly dependent upon tiie ultimate use of the 
inoculum, as is understood in tiw art. l=or example, a carrier that does not generate 
an untoward reaction In tiie particular animal to be inoculated should bo selected. 

The present inoculum contains an effective, immunogenic amount of a CT 
protein, polypeptide, or derivative of this invention, typically as a conjugate linked to 
a carrier. The effective amount of protein or polypeptide per unit dose sufficient to 
induce en immune response to the immunizing agent depends, among other things, 
on the species of animal inoculated, the body weight of the animal, and tiie chosen 
inoculation regimen, as is well known in the art. Inocula typically contain protein or 
polypeptide concentrations of about 10 micrograms (pg) to about 800 miUigrams 
(mg) per inoculation (dose), preferably about 50 micrograms to about 50 milHgrams 
per dose. 

The temi "unit dose" as it pertains to the inocula refers to physically discrete 
units suitable es unitary dosages for animals, ea^ unit containing a predetermined 
quantity of active material calculated to produce the desired immunogenic effect in 
association with the required diluent; I.e., carrier, or vehicle. The specifications for 
the novel unit dose of an inoculum of this invention are dictated by and are directiy 
dependent on (a) the unique characteristics of tiie active material and the particular 
immunologic effect to bo achieved, and lb) the limitations inherent in the ert of 
compounding such active material for immunologic use in animals, as disclosed in 
detail herein, these being features of the present invention. 
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Inocula are typically prepared from the dried solid polypeptide-conjugate by 
dispersing the polypeptide-conjugate in a piiysidogically tolerable (acceptable) diluent 
such as water, saline or phosphate-buffered saline to form an aqueous composition. 
Inocula can also include an adjuvant as part of the diluent. Adjuvants such as 
5 compieta Freund's adjuvant (CFA), incomplete Freund's adjuvant (IFA) and alum are 

materials well known in the art, and are available commerdally from several sources. 

The anti-CT antibodies so produced can be used, mtaralia, in the diagnostic 
Atethods and systems of the present invention to detect CT proteins or polypeptides 
present in a sample such as a body fluid sample. In addition, anti-CT antibocfies can 

10 be used in therapeutic methods, e.g., for inhibiting receptor binding to CT proteins or 
polypeptides, based on the ability of the antibody to specifically Und the CT receptor 
binding site and blocic CT protein or polypeptide binding. In various embodiments, 
polyclonal or monoclonal anti-CT antibodies are preferred and can be produced as 
previously described using the CT proteins or polypeptides of this invention in the 

15 inoculum. 

5. AntHdiPWPiB AmlbfldiflB 

Anti-idiotype antibodies are antibodies that have the imernal image of a 
particular entity and therefore express antigenic determinants or epitopes that are 
immunochemically similar or identical to the epitopes found on an external antigen. 

20 For example, an anti-(CT idiotypa) antibody is an anti-idiotype antibody that contains 

the internal image of the portion of CT that binds to the cellular receptor that 
recognizes a specific binding site on CT. Since different receptors recognize distinct 
sites on the intact CT protein molecule, the present invention contemplates a variety 
of anti-(CT idiotype) antibodies. 

25 Thus, in one embodiment, the present invention contemplates methods and 

compositions employing an anti-idiotype antibody. In preferred variations, the anti- 
idiotype antibody is an anti-(CT Idiotype) antibody. 

One species of anti-(CT idiotype) antibody is able to mimic the function of a 
CT protein or polypeptide of the present invention. For example, one preferred anti- 

30 idiotype antibody is able to minrtic the function of CTfn3, i.e., it is capable of 

stimulating cell attechment, growth, elongation, or neurite outgrowth, or a 
combination of the foregoing. Anotiier exemplary anti-idiotype antibody is able to 
mimic the function of CTfn6, i.e., it is also able to stimulate cell attachment, growth, 
elongation, or neurite outgrowth, or a combination of same. Anti-{CT idiotype) 

3 5 entibodias may also be engineered to inhibit these activities in the appropriate 

contexts. 

Another species of anti-(CT idiotype) antibody of the present invention 
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preferabW contains . par.top. whose structure Is defined by the ebiUtv to: (1) bind 
to the CTfn3 binding site to form e CTfn3 binding «te/antl-(CT idlotype, entlbody 
complex, end (2) immunoreect wHh en .ntl-CT protein or polypeptide antibody .» 
defined herein. 

5 Yet another species of antHCT Idlotype) antibody of the present invention 

preferebW contains a p^atope Whose «n.cture IS defined by the abinty to: <1) bind 
to the CTfne binding site to fom, a CTfn6 binding sIte/antHCT Idlotype) antibody 
complex, and (2) Immunoreect with an antl-CT protein or polypeptide antibody a. 
defined herein. 

0 An antHCTkiiotype) antibody binds to. CT binding »te and forms a CT 

binding sIte/anti-ICT Idlotype) antibody complex H It competes with a CT protein or 
polypeptide for binding to the selected CT binding site In a competition assay that, 
for example, employs a Isbelled CT protein or polypeptide. 

An anti-(CT idlotype) antibody immunoreact. with an anti-CT protein or 

15 peptide antibody. Various immunoassays for detecting the fom^ed immunoreaction 

product or complex are well known and include radlo-immunoassays and enzyme- 
Unked immunoassays. See. for example, nntltinflinv M ntmrntnry Manual . Harlow 
and Lane. eds.. Cold Spring Harbor. NY (1988). 

An anti-(CT Idiotype) antibody of the present Invention can be distinguished 

20 from other entlbodies thet may block CT binding to its cognate receptors because 

anti-(CT idiotype) entlbodies Immunoreact with antl-CT antibodies whUe such other 

antibodies do not. ^ n 

An anti-CCT Idiotype) entlbody Is prepared using methods and procedures well 
known in the art. See. e.g.. Beniamini et a... "Immunogen. and Improved Methods 
25 of Making Immunogens-. Published Intonation.. AppUcatlon No. WO 88/0^72. 

published January 28. 1988; Standt et al.. J^fi^^iflfldOSI: 687-704 (1983); 
. Reagan et al ,■ Virol. 48 : 660-666 (1983). and Ardman et al.. I Fm . Mfld . 181 = 
669^686 (1985). the disclosures of which are Incorporated by reference herein. 
Briefly, to produce en antHCT Idlotype) entlbody composition of this Invention, en 
30 enti-CT protein or polypeptide antibody is first produced by Inocu.eting a laboratory 

animal with an Immunologically eHective amount of a CT protein or polypeptide 
typically present In a vaccine to produce an antl-CT protein or polypeptide antibody. 

For ex«nple. . vaccine useful for preparing anti-ldiotype entlbodies of the 
present Invention comprise. Immunological^ effective amount, of both a CT protein 
35 or polypeptide and an immunopotentlator .uit.ble for u.e In animals, preferably 

mammals. An Immunopotentlator Is a molecuUr entity that stimulate, matur.tion. 
differentiation and function of 8 and/or T lymphocytes. Immunopotentietors ere well 
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known in tha art and include T cell stimulating polypeptides such as those described 
in U.S. Patent No. 4,426.324 and the C8-substituted guanine nucleosides described 
by Goodman et al.. i immnnol. 135: 3284-88 (1985J and U.S. Patent No. 
4.643,992, the disclosures of wNch are incorporated by reference herein. 
5 A vaccine can also include an adjuvant as part of the excipient. Adjuvants 

such as complete Freund's adjuvant (CFAJ and incomplete Freund's adjuvant (IFA) for 
use in laboratory animals are well known in the art. Pharmaceutlcally accepUble 
adjuvants such as alum can also be used. An exemplary vaccine thus comprises one 
ml of phosphate buffered saline (PBS) containing about 1 mg to about 5 mg CT 
10 protein or polypeptide adsorbed onto about 0,5 mg to about 2.5 mg of alum. A 

preferred vaccine comprises 1 ml of PBS containing 1 mg CT protein or polypeptide 
adsorbed onto 2.5 mg of alum. The phrases "suitable for use in animals" and 
"phannaceutically acceptable" refer to molecular entities and compositions that do 
not produce an allergic or similar untoward reaction when administered to an animal. 
15 The anti-CT protein or polypeptide entibodies produced by the above 

vaccination method or via the methods described in Section E herein are coUected 
from the animal and those immunospecific for the CT protein or polypeptide are 
isolated to the extent desired by wen known techniques such as, for example, 
immunoaffinity chromatography. 
20 The monoclonal or polyclonal anti-CT protein or polypeptide antibody 

produced according to within-disclosed methods is used to prepare an anti-ICT 
idiotype) antibody by inoculating a laboratory animal (preferably an animal) with an 
effective amount of the anti-CT protein or polypeptide antibody produced above to 
produce anti-ICT idiotype) antibodies. The anti-(CT Idiotype) antibodies capable of 
25 binding an anti-CT protein or polypeptide entibody are isolated, to the extent desired 

by well known techniques such as, for example, immunoaffinity chromatography. 

Anti-ICT idiotype) antibodies capable of binding an anti-CT protein or 
polypeptide antibody are then assayed for their ability to bind to the appropriate, 
preselected CT binding site indicating that these anti-idiotype antibodies have the 
3 0 internal image of a CT protein or polypeptide. Anti-(CT idiotype) antibodies thet bind 

their respective CT binding sites are selected and are useful in practicing this 
Invention. For exemplo. one species of anti-(CT idiotype) antibody is assayed for its 
ebility to bind to the CTfn3 binding site by a competition assay with a labelled CT 
protein or a CTfn3-derived polypeptide. An anti-ICT idiotype) antibody that competes 
35 in this competition assay is then selected. 

Suitable anti-(CT idiotype) antibodies in monoclone! form, typically whole 
antibodies, can also be prepared using hybridoma technology such as that described 
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in Section E herein. Another useful technique is described in Reagan et al.. PNAS 
M.: 3891-95 (1987). 

Splenocytes are typically fused wtth myeloma cells using polyethylene glycol 
(PEG) 1500. Fused hybrids are selected by their sensitivity to HAT. Hybridomas 
5 secreting the anti-idiotype antibody molecules of this invention are Identified using 

serological methods such as a commercially available enzyme linked immunosorbent 
assay (ELISA) diagnostic assay for detecting antibodies to an anti-CT protein or 
polypeptide antibody. Once the hybridoma U sliown to be secreting an anti-Wiotype 
antibody that binds an anti-CT protein or polypeptide antibody, these anUbodiea are 
10 further screened for their ability to compete with a CT protein or polypeptide for 

binding to the appropriate, preselected CT binding site. 

A monoclonal antWdiotype antibody composition of the present invention can 
be produced by initiating a monoclonal hybridoma culture comprising a nutrient 
medium containing a hybridoma that secretes entibody molecules of the appropriate 
15 anti-(CT Idiotype) specificity. The culture is maintained under conditions and for a 

time period sufficient for the hybridoma to secrete the antibody molecules into the 
medium. The antibody-containing medium is then coUected. The anti-(CT idiotype) 
antibody molecules can then be further isolated by well knowrn techniques. 

Media useful for the preparation of these compositions are both well known 
20 in the art and commercially availabte and include synthetic culture media, inbred mice 

and the like. An exemplary synthetic medium is Dulbecco's minimsl essential 
medium (DMEM; Dulbecco et el.. ifllflLl: 396 (1959)) supplemented with 4.5 gm/1 
glucose, 20 mm glutamine, and 20% fetal calf serum. An exemplary inbred mouse 
strain is the Balb/c. 

25 G. Asaay. Methods 

1. fiflii ftnnr»""""^ 

The present invention also contemplates various assay methods. Including 
methods of determining the presence of, and degree of, ceW attachment to a 
particular compound, composition, or substrate. Related kits and components 

3 0 thereof are also disclosed. In various embodiments, the composition, composition or 

substrate is one eccording to the present invention and Includes various proteins, 
polypeptides and antibodies described herein. 

For example, in one embodiment, substrates for the cell attachment assays 
are prepared by binding seid substrate (e.g., a protein or polypeptide) to a solid 

35 support - for example, a polystyrene dish. The amount of bound substrate is 

quantitated in order to determine the reletionship between the number of cells 
attached to the substrate with the molar amount of substrate present. 



. W096A18513 



PCTAJS9S/11684 



-49- 

To assist in interpretation of assay results, a substrata compound or 
composition is preferatily labeled. For example, a protein of ttte present invention 
may be radiolabeled, e.g., wKh A variety of other useful labels (e.g., biotin) are 
known in the art. 

5 Solid supports (also described as solid surfaces or solid substrates) useful 

according to the present invention include supports made of glass, plastic, 
nitrocelluloss. cross-linked dextrans (e.g., SEPHADEX; Pharmacia, Piscataway, NJ], 
agarose in its derivatized and/or cross-linked form, polyvinyl chloride, polystyrene, 
- - cross-linked polyacrylamide, nitrocellulose- or nyion-based webs such as sheets, 

10 strips or paddles, tubas, plates, the wells of a microtiter plata such as those made 

from polystyrene or polyvinytchloride, and the Gke, and may take the form of a planar 
surface or microspheres (e.g., Enzymobeads, Bio-Rad Laboratories, Richmond, CA), 
to name a few variations. 

Proteins or polypeptides according to the present invention are then admixed 

15 with trace emounts of labeled protein or polypeptide and are spotted on solid 

supports (e.g., polystyrene dishes) and adsorbed thereto, and nonspecific binding 
sites blocked according to methods known in the art. The substrata-coated support 
is then cut into small sections and the amount of radioactivity associated with each 
spot is determined. 

20 To ensure that differences in cell attachment to compounds or compositions 

of the present invention is not due to differences in amounts adsorbed to the 
support, the amount of protein or peptide bound per spot is preferably determined for 
each protein or polypeptide, an6 cell attachment is then assessed per mole of protein 
or polypeptide. 

25 Subsequently, a predetermined amount of preselected cells is added to the 

substrate formed when a protein, polypeptide, or other composition of the present 
invention is adsorbed onto a solid support, and is ailowad to incubate for e 
predetermined period of time under appropriate assay conditions. After incubation, 
the cell culture is preferebly washed end the number of bourtd cells determined 

30 according to well-known methods. For example, visual observation - e.g., using a 

lOx objective with an eyepiece reticle - is an appropriate means of determining the 
number of cells bound. Preferably, repeat measurements are obtained and the 
number of bound cells is expressed as the average of the number of measurements 
± standard devietion (SEM). 

35 Celt anachment inhibition assays may also be useful eccording to the present 

invention. An exemplery method is disclosed in Example 5.C. herein. 

The present invention further contemptetes essey methods and kits for the 
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datection of naurite outgrowyrth. Induding methods for datacting the atimuJation acvl 
Inhibition of naurite outgrowth. Various proteins, polypeptides, and antibodies 
disclosed herein are useful according to the withln^lsdosed methods and may be 
included in the kits that are also described herein. 

The substrates used In the neurite outgrowth assays are essentiallv the same 
as those used In the cell attachment assays, as described hereinabove. Any cells 
adhering to the substrates were examined for sprouting and neurite length as defined 
herein. Substrates used in the naurite outgrowth assays may be prepared as 
- described above. 

Appropriate cells are prepared for use In the neurite outgrowth assay. For 
example, the preparation of dorsal root gangHe cells is described in Exemple 6.A.4. 
Before beginning the assay, the cells may be resuspended, added to subsvate-coated 
dishes, and placed under predetermined essay conditions for a preselected period of 
time. After the attachment and growth period, the dishes may be rinsed to remove 
unbound cells, fixed, and viewed - e.g.. by phase contrast microscopy. 

Preferably, a plurality of cells are analyzed for each subswata spot. Cells are 
then -judged- based on predetermined criteria. For example, cells may be considered 
neurite-beering If the length of the processes are greeter than one ceU diameter. The 
percent of cells that are sprouting neurites is preferably detennined. as Is the average 
neurite length. A particulariy preferred neurite outgrowth assay method is disclosed 
in Example 6 hereinbelow. 
H. fhamnmitie rnmnoaitlons nnri MflthQda 

The various proteins and polypeptides disclosed herein are useful In a variety 
of applications, including therapeutic ones. Therapeutic compositions of the present 
Invention may alternatively contain a physiologically tolerable carrier together with at 
least one species of anti-CT antibody (or an anti-(CT Idiotype) antibody) of this 
invention as described herein, dispersed therein as an active ingredient. In a 
preferred embodiment, the therapeutic composition is not iiiimunogenic »/hen 
administered to a human patient for therapeutic purposes. 

For the sake of simplicity, the active agent of the therapeutic compositions 
described herein shaU be referred to as a 'CT derivative". It should be appreciated 
that title term la Intended to encompass CT proteins, polypeptides, anti-CT 
antibodies, and anti-(CT idiotype) antibodies, as well as derivatives thereof. 

As used herein, the terms -pharmaceuticelly ecceptable-. -physiologically 
tolareWe- end grammatical variations thereof, as they refer to compositions, carriers, 
diluenu end reagents, are used Imerchangeably and represent that tiie materiels are 
capable of administration upon a mammal or human without the production of 
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undesirable physiological effects such as nausea, dizziness, gastric upset and the 
nke. 

The preparation of a pharmacological composition that contains active 
ingredients dispersed therein is well understood In the art. Typically such 
5 compositions are prepared as sterile compotitions either as liquid solutions or 

suspensions, aqueous or non-aqueous, however, suspensions in liquid prior to use 
can also be preparad. 

The active ingredient can be mbced with exdpients which are 
pharmaceutically acceptable and compatible with the active ingredient and in 
10 amounts suitable for use in the therapeutic methods described herein. Suitable 

exdpients ore, for example, water, saline, dextrose, glycerol, ethanol or the like and 
combinations thereof. In addition. If desired, the composition can contain minor 
amounts of auxiliary substances such as wetting or emulsifying agents. pH buffering 
agents and the like which enhance the effectiveness of the active ingredient. 
15 A therapeutic composition of the present invention can include 

phermaceutically acceptable salts of the components therein. Pharmaceutically 
acceptable salts include the add addition salts (fonned with the free amino groups of 
the polypeptide) that' are formed with inorganic adds such as. for example, 
hydrochloric or phosphoric ocids. or such organic acids as acetic, tartaric, mandelic 
20 and the like. Salts formed with the free carboxyl groups can also be derived from 

Inorganic bases audi as, for example, aodium, potassium, ammonium, caldum or 
ferric hydroxides, and such organic bases as isopropylamine, trimethylamine. 2- 
ethylamino ethanol. histidine, procaine end the like. 

Physiologically tolerable carriers are welt known in the art. Exemplary of 
25 liquid carriers are sterile aqueous solutions that contain no materials in addition to the 

active ingredienu and water, or contain a buffer such as sodium phosphate at 
physiological pH value, physiological saUne or both, such as phosphate-buffered 
saline. Still further, aqueous carriers can contain more than one buffer salt, as welt 
as salts such as sodium and potassium chlorides, dextrose, propylene glycol. 
30 polyethylene glycol end other solutes. 

Uquld compositions can also contain liquid phases in addition to and to the 
exdusion of water. Exemplery of such additional Uquid phases are glycerin, 
vegetable oils such as cottonseed oU. organic esters such ss etiiyl oleate, and water- 
oil emulsions. 

35 A tharspeutic composition contains a CT derivative of the present invention, 

typically an amount of at least 0.1 weight percent of CT derivetive per weight of 
total therepeutic composition. A weight percent is a ratio by weight of CT derivative 
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to total composition. Thus, for example, 0.1 weight percent is 0.1 grams of CT 
derivative per 1 00 grams of total composition. 

A therapeutically effective amount of a CT derivativeM»nt.lnlng compo«t.on. 
or beneficial compound therein. Is a predetemiined amount clcul«ed to achieve the 
desired effect, i.e.. to effectively benefit the Individual to whom the composition Is 
administered, depending upon the benefit to be conferred. Thus, an effective 
amount can be measured by improvements in one or more symptom. assocl«ed with 
. tumors <e.g.. glioma) occurring In a patient. 

Effective amounts may also be me««ired by improvement, in neuronal or 
ganglion cell survival, axonal regrowti.. and connectivity following axotomy (see 
e g.. Bray, et al.. -Neuronal and Nonneuronal influence, on Retinri Ganglion Cell 

Sur^val, Axonal Regrowth. and Connectivity After Axotomy". fSm NY 
214-228 |1991». Improvements In neuronal regeneration In the CNS and PNS are 
also indicators of the effectiveness of treatment with the disclosed compounds and 
compositions, as are Improvement, in nerve fiber regeneration following traum«.c 
lesloL. .see. e.g.. Cadelll. et .1.. E.a.JtoU^: 189-192 ,1992,. and Schwab. 
Phtl Trans R Snf I ff"^ 331 : 303-306 (1991).) 
"""'IsthrdisaT:"^^ ^ 

invention are those large enough to produce the desired effect In which the condition 
to be treated Is ameliorated. The dosage shbuld not be so large as to cause adverse 
side effects. Generally, the dosage will vary with the ege, condition, and sex of the 
• patient, end the extent of the disease in the patient, and can be determined by one 
of sicill m ti.e ert. The dosage can be edjusted by the individual physician In the 
event of any complication. ^ ^ ^ „^ 

Th. compo^lo™ ... • ~">P««" ""^ 

. •»"p.-*.»y .«.cuv. A ««i>««'= "~""> 

„.*.d ,.«.!>. c«, .»y wi*l» <.«»nd,n. -p.- «- *' 

^ P.CUU., to .«:h «d..Wu-. H.w..«. .uh*l. <« •v««™« 

^ ,.gim.. .0, «.n.lnun«i0 o v.«.b... bu, «. W*- bv «■ InW- 

.*rtrt„«ion f.«ow.d b, ™p....d on. o, bo.r by . 

subsequent administration. 
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H is further contemplated that coui«er-r.ceptor Uganda for CT. whether It is 
in aoluble or cell-surface associated form, may be useful accordinfl to the withlrv 
disclosed diagnostic and therapeutic methods. For example, antlbod.a. or 
polypeptides which prevent the binding of CT to Its cognate receptor are useful 
diagnostic and th«rap««ic compounds. Useful antibodies which prevent the binding 
of CT may Include antlbodie. such as antl-CTf n3. anti-CTfn6. and the lilce. molecules 
that are substantially homologous to said antibodies. ««1 molecules wWch mimic tha 
activity of antl-CT antibodies. 

U«iful polypeptides which Inhibit the binding of CT to it. receptor!.) Include 
CTf n3. CTfne. and CTfn3-6. Protein, and polypeptide, uaeful di«*«.d herein 
.|«, include CT derivative, that are .ubttantially homologou. to CT. whether h i. 
derived from human, avian, or other mammalian Murce.. 

m eddition. It Is contemplated that CT derivative, win be usehil in diagnostic 
and therapeutic method, according to ti«i present Invention. CT derivatives useful In 
this context include the within-di.cIo«,d protein., polypeptide, and homolog, 
thereof, as well a. .ntlbodies. such a. anti-CT antibodie. and antWCT Idiotype) 

antibodie.. , , , 

A variety of uaeful compoeitlon.. including Woabaorbabla material, (e.g.. 
collagen geW may be used In conjunction wHh the CT derivative, of the present 
invention in a variety of therapeutic applications. For exampla. CT derivative, may 
be used to coat the Interior of tubas used to connect severed neurons: they may be 
added directiy to suture material, or Incorporated in bloabsorbable matarial. In and on 
.uture.; further, they may be utilized on/in implant, and prophetic devices, either 
alone or In coniunction with other bioabsorbabla and supporting matenal.. 

Thetem,. -therapeutically effective" or -effective", a. u«.d herein, may be 
used interchangeably and refer to an amount of a therapeutic compPtition of the 
pr.«.nt invention - e.g.. on. containing an anti-CT monoclonal antibcdy. For 
example, a therapeuticaUy effective .mount of an anti-CT antibody-contalnuifl 
composition, or beneficial compound therein. 1. a pr.detem,ined «nount calculated to 
achiava the de.ired effect, i.e., to effectively benefit the Uulivldual to whom the 
composition i. administered, depending upon the benefit to be conferred. 

Tha antibodie. and compound, of the prewnt invention ere typically 
adminlatared as a pharmaceutical composition In the fonn of a «,lution or 
.u.pen.lon. However, therapeutic compoaition. of the preeent ^ 
f ormuLted for therapeutic admln..tr.tion as a tablet. plH. capsule, aarosol. sustained 

release formulation or powder. , ^ ^ ^ 

The compositions ere-edministered in a manner compatible with the dosage 
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f ormulation. and in a tharapautically affective amount. The quantity to be 
administered depend, on the subject to be treated, end capacitv of the subject to 
utilize the active ingredient. Precise amounts of active inflredlent requirMl to be 
administered depend on the judflmant of the practitioner and are peculiar to each 
indh/idual. However, suitable dosage ranges are of the order of one to several 
milligrams of active Ingredient per Indhrtdual per day and depend on the route of 
administration. Suitable regimens for initial adminiswation and booster ahots are also 
variable, but are typified by an initial administration followed by repeated doses at 
one or more hour intervals, by a subsequent injiction or other adminiswation. 

Alternatively, continuous intravenous Infusion suff Ident to maintain 
therapeutically effective concentrations in the blood are contemplated. 
Therapeutically effective blood concentrations of antibody molecules of the present 
invention (including anti-CT idiotype) antibodies) are in the range of about 0.01//M to 
about 100;/M. preferably about O.lpM to about lOpM. and more preferably about 
OA^ to about 1 .Of/M. 

It is further contemplated that the various CT derivatives (including proteins, 
polypeptides, and antibodies) as described herein can be used therapeutically in a 
variety of epplications. For example, es described above, a variety of useful 
compositions, including bioabscrbable materiel, may be used in conjunction with the 
CT derivatives of the present invention to coat ttw interior of tubes used to conmict 
severed neurons: they may be added directiy to suture materials or incorporated In 
bioabscrbable materials in and on sutures: further, they may be utilized onA.n implants 
and prosthetic devices, eitiier alone or in conjunction with other bioabsorbable and 
supporting materials. As always, the administration of therapeutically effective 
.mounts of physiologically tolerable composition, containing a CT derivative of this 
Invention to a patient in need of treatment is preferred. 

As described previously, a tiiarapeotically aHective amount of a CT derivative 
of the present invention is a predetennined amount calculated to achieve the desired 
effect. I.e.. to promote neurite outgrowth. In the case of in vivo therapies, an 
effective amount can be measured by Improvements in neuronal regeneration, to 
name one exemple. 

thus, tiie dosage ranges for the administration of a CT derivative of the 
invention are those large enough to produce the desired effect in which tiie 
symptoms of disease - e.g.. neuronal degeneration -are amaUorated or decreased. 
The dosage should not be so large as to cause adverse side effects, altiiough none 
are presentiy known. Generally, the do.age will vary with the age. condition, and 
sex of the patient, as well as with the extern and severity of the disease in the 
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patient. and can b« determined by one of stdll In the art. The dosage can be adjusted 
by the individual physician In the event of any complication. 

A therapeutically effective amount of a CT derivative of tWs Invention is 
typically an amount such that when h is administered In a physioloflically tolerable 
composition. It Is sufficient to achieve a plasma or local concentration of from about 
1 plcomolar (pM) to 1.000 nanomolar (nM). preferably about 100 pM to about 50 
nM. and most preferably about 1 to 30 nM. The CT derivatives of the Invention can 
be administered paranteraUy by Injection or by gradual infusion over time. For 
example, anti-CT antibodies of the Invention can be administered Intravenously. 
Intraperitoneally. Intramuscularly, parenterally. subcutaneously. intracavlty. 
transdermally, or dermally, and tiiey may also be delivered by peristaltic means. In 
general. Intravenous, Inuaperitoneal. or subcutaneous administration is preferred. 

The therapeutic compositions containing a CT derivative of tills Invention are 
conventionally administered Intravenously, as by Injection of a unit dose, for 
example. The term "unit dose" when used In reference to a therapeutic composition 
of the present Invention refera to physically discrete urtits suitable as unitary dosage 
for tiie subject, each unit containing a predetermined quantity of active material 
calculated to produce the desired tiierapeutic effect in association with the required 
diluent: I.e., carrier, or vehicle. 

The compositions are administered in e manner compatible wltii the dosage 
formulation, and in a therapeutically effective amount. The quantity to be 
administered depends on the subject to be treated, capacity of the subject's system 
to utilize the active ingredient, and degree of tiwrapeutic effect desired. Precise 
amounts of active Ingredient required to be administered depend on the judgement of 
the practitioner and are peculiar to each Individual. However, suitable dosage rangbs 
for systemic application are disclosed herein and depend on the route of 
administration. Suitable regimes for initial administration and booster shots are also 
variable, but are typified by an initial administration followed by repeated doses at 
one or more hour intervals by a subsequent injection or ottier adminlswation. 
Alternatively, continuous intravenous Infusion sufficient to maintain concentrations In 
tiie blood In tiie ranges specified for m vivo therapies are contemplated. 
I. mmiPf«*»'- fi'^stums and Mflthoda 

The present Invention also contemplates methods for detecting conditions 
identifiable via expression of levels of CT in excess of a predetermined control value. 
For example, anti-CT antibodies of the presem invention are useful In detecting the 
presence of tiimors (e.g., glioma), as well as detection of metestasis or angiogenesis. 
Diagnostic assays of the present invention may also be used to detect cell 



wo 96/08513 



PCT/IIS95ni684 



10 



-56- 

surface receptor, that bind CT. as weU as anti-CT antibodies. The assay may ba 
„ade specific for CT or any of the witWn-described CT derivative, by a proper 
selection of antibody specificity. Also, an assay of the Invention may be used to 
identify polypeptide receptom homolofldu. to portions of CT a. well a. -free- 
receptors - l.e.. polypeptide, or proteins una««ciated with any pmtlcular cell 
stmctura. polypaptidas homotogou. to CT. or polypeptide portions th««.f . Ty^cally. 
the assay methods Involve datecting Intact CT. although assay, for detecting CT 
polypeptides or antl-CT antibodies are b\so contemplated. 

A method for detecting. an.antiganic protein or polypeptide of the pra«nt 
invention pref erabW comprise, fon^ation of an immunoreactlon Product betw-en t.e 
protein or polypeptide and an antl-polypeptide antibody molecule, as d.«:lo.ad herein. 
The antigen to be detected may be present in a body fluid or tissue samp^. The 
immunoreactlon product is detected by methods well-known to those skUlad .n the 
art. Numerous clinical diagnostic chemistry procedures may be utilized to fom, the 
detectible Immunocomplexes. 

Alternatively, a protein or polypeptide ligand (non-antibody compo«t.on) for 
an instant CT receptor or polypeptide may be used in the assay method. An 
exemplary ligand in ihis aspect of the invention is a labelled CT polypeptide (e.g.. 
SEQ ID NO 5). Thus. wWIe exemplary assay methods are described harem, the 
Invention Is not so limited. 

A preferred assay method of the present Invention involves detem,.nmg the 
presence of CT In a .ample, and thereby ascartaining the level of CT .xpres«on in an 
individual or sample. Various heterogeneous and homoganeou. assay protocols may 
be employed, either competitive or non-competitive, for detecting the presence and 
preferably amount of CT In a body sample, preferably fluid sample. 

one useful method comprise, admixing a body s«nple. preferably one 
Obtained from a human donor or patient, containing CeUs and/or fluid to be analyzed 
with one of the within-described antibody compositions that are capable of 
ln,munore.ctlng with CT proteins or polypeptides. The cel. sample may a^so .» 
washed prior to the admixing step. The immunoreaction adm.xture thus formed .s 
maintained under appropriate assay condirions - e.g., biological as«y cond.t ons - 
for a time period sufficient for any cells expressing the antigen, or for any soluble 
antigen, to Immunore.ct with antibodies in the antibody composition to form an 
antibody-receptor Immunocomplex. The Immunoreaction product (.mmunocomplex, 
i. then separated from any unraacted anybodies present in the admlxtur. The 
presence, and if desired, the amount of immunoreaction product fomied .. then 
Zled. Theamountofproductfom,edmaythenbecorrel.tedwiththeamount 
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of receptors expressed by the cells, or with the amount of soluble antigen expressed. 

Determination of the presence or amount of Immunoreaction product formed 
depends upon the method selected for Identifying the product. For instance, a 
labelled antibody may be used to form a labelled immunocomplex with a receptor 
molecule of the present invention (e.g.. CD. The labelled immunocomplex may be 
quantitated by methods appropriate for detecting the respective label - e.g., 
fluorescent labels, radioactive labels, biotin labels and tiie like - as discussed herein. 
Alternatively, an unlaballed antibody may be used to fomn an unlabelled 
immunocomplex, which is subsequentiy detected by immunoreacting a labelled 
antibody recognizing the unlabelled antibody with the unlabrfiled immunocomplex. 
The immunocomplex thereby becomes labelled and may be detected as described 
above. 

Biological conditions used in the instont assays are those that maintain the 
biological activity of the antibody, the CT molecule. CT proteins. CT polypeptides, 
and other CT derivative molecules of this invention. Those conditions Include a 
temperature range of about 4*C to about 45*C. preferably about 37-C. at a pH value 
range of about 5 to about 9. preferably about 7, and an ionic strength varying from 
that of distilled water to that of about one molar sodium chloride, preferably about 
that of physiological saline. Methods for optinUzing such conditions are well known 
in the art. 

In a preferred embodiment, a body sample to be analyzed Is withdrawn from 
a donor or patient and apportioned into aliquots. At least one aliquot is used for the 
determination of amigen expression using an antibody composition of tiie present 
invantiOh. If desired, a second aKquot may be used for detennining reactivity of a 
control antibody with tiie sample. The analyses may be perfonned concurrently but 
aire usually performed sequentially. 

In a further aspect of the invention, data obtained in the instant assays are 
recorded via a tangible medium, e.g.. computer storage or hard copy versions. The 
data can be automatically input and stored by standard analog/digital ifiJD) 
instrumentation that is commercially available. Also, the data can be recalled and 
reported or displayed as desired for best presenting the Instant correlations of data. 
Accordingly. Instnjmentation and software suitable for use with the present methods 
are contemplated as within the scope of the present invention. 

The antibody compositions and methods of the invention also afford a 
method of monitoring treatmem of patients afflicted with tumors or with 
neurodegenerative and other diseases in which expression of CT receptors is 
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and the GT receptor. 

The label may be any of those commonly available, including, without 
limitetion. fluorescein, phycoorythrin. rhodamine. -I, -nd the lilce. Other .xemplery 
labels Include '"In. "Tc. «Ga. and «M end nonradioactive label. «.ch as Wotln and 
enryme-linked antibodies. Any label or IndicatinB means that may be linked to or 
incorpor«ed in an antibody molecule is contemplated a. part of an antibody or 
monoclonal antibody composition of the present invention. A contemplated label 
may also be used sepwately. and those atoms or molecule, may be used alone or in 
conjunction with additional reagents. Many u«iful labels of this nature are known In 
clinical diagnostic chemistry. 

The linking of labels to polypeptides and proteins is also well known. For 
Instance, antibody molecule, produced by a hybridoma may be labelled by metabolic 
Incorporation of radioisotope-containing amino acids provided as a component in the 
culture medium. See, for example. Galfre et al.. MflTh Fnmnpl .. 73: 3-16 (1981J. 
The techniques of protein conjugation or coupling through activated functional 
groups are particularly applicable. See. for example. Aurameas. et al.. SsmLJ. 
ImmuDflL. Vol. 8. Suppl. 7: 7-23 C1978J, Rodwell et al.. fiialaeh^ 3: 889-894 
11984). and U.S. Pat. No. 4.493.795 (the latter of which is incorporated by reference 
herein). 

An instant diagnostic system may also include a specific binding agent. A 
-specific binding .gent- is a chemical species capable of selectively binding a reagent 
species of the present invention but i. not itself an antibody molecule of the present 
invention. Eximplary spedfc Wnding agents are entibody molecules, complement 
protein, or fragments thereof, protein A and the like that react with an antibody 
molecule of this invention when the antibody Is present as part of the 
Immunocomplex described above. 

In preferred embodiment, the specific binding agent is labelled. However, 
when the diegnostic system Includa, a specific binding agent that is not labeUed. the 
agant i. typically used as an amplifying means or reagent. In these embodimentt. a 
labelled specific binding agent is capable of apedfically binding the amplifying means 
when the amplifying means is bound to a complex containing one of the instant 
reagents. 

For example, e diagnostic kit of the present invention may be used in an 
-EUSA- format to detect the presence or quantity of a CT protein or polypeptide in a 
body sample or body fluid sampl. such as senim. plasma or urine or a detergent 
lysate of cells, e.g.. a lOmM CHAPS lysate. "EUSA" refers to an enzyme-lmked 
immunosorbent essay that employs en antibody or antigen bound to a solid phase 
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and an enzyme-antigen or enzyme-antibody conjugate to detect end quantify the 
amount of antibody or antigen present in a sample. A description of the EUSA 
technique is found In Chapter 22 of the 4th Edition of Rnnlfi tinrf ClinlnBl ImmiinoiOflY 
by O.P. Sites et al., published by Lange Medical Publications of Los Altos. CA in 
1982 and In U.S. Patents No. 3.654.090: No. 3.850.752; and No. 4.016.043. which 
patent disclosures are incorporated herein by reference. 

In preferred embodiments, the antibody or antigen reagent component may 
be affixed to a solid matrix to form a solid support that is separately packaged in the 
subject diagnostic systems. The reagent is typically affixed to the soOd matrix by 
adsorption from an aqueous medium, although otiier modes of affixation well known 
to those skilled In the art may be used, such as specific binding methods. For 
example, an Instant anti-CT antibody may be affixed to a surface and used to assay a 
solution containing CT molecules or cells expressing CT receptors. Alternatively. CT. 
CT homologs. polypeptide fragments of CT or CT homologs. and whole or partially 
lysed cells expressing CT may be affixed to the surfece and used to sween a solution 
for antibody compositions that immunoreact with the affixed species. 

Useful solid matrix materials In this regard Include the darivatized cross-linked 
dextran available under the trademark SEPHADEX from Phannacia Fine Chemicals 
(Rscataway. NJ). agarose in its derivatized and/or cross-linked form, polystyrene 
beads about 1 micron to about 5 mniimeters in diameter (available from Abbott 
Laboretories of North Chicago. lU, polyvinyl chloride, polystyrene, cross-linked 
poiyecrylamide. nitrocellulose- or nylon-based webs such as sheets, strips or paddles, 
tubes, plates, the wells of a microtiter plate such as those made from polystyrene or 
polyvinytchloride, and the like. 

The reagent species, labelled specific binding egent or amplifying reagent of 
any diagnostic system described herein may be provided in solution, as a liquid 
dispersion or as a substantially dry powder, e.g., in lyophiHzed form. Where the 
indicating means is an enzyme, the enzyme's substrate may also be provided in a 
separate package of a kit or system. Usually, the reagenu are packaged under an 
inert atmosphere. A soHd support such as the biforenlescribed microtiter plate and 
one or more buffers may also be Included as separately packaged elements In tills 
diagnostic assay system. 

The diagnostic system is usually contained in e conventional package. Such 
packages include glass and plastic (e.g., polyethylene, polypropylene and 
polycarbonate) bottias. vials, plastic and plastic-foil laminated envelopes and the like. 
J. r..tt..r» Mwthnris wnd Kita 

Proteins and polypeptides of the present invention are also useful in e variety 
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Of applications ratetino to cell and tissue cultures. For example, in one enrtbodiment. 
a method of promoting the attachment of cells to a soUd surface (or subsuate) 
comprises the steps of (1) immobiliiing on the subsuate a CT protein or polypeptide 
exhibiting cell attachment activity; and U) providing free cells for attachment to said 
substrate. The CT protein or polypeptide may be selected from the group consisting 
of SEQ ID NOS 2 and 4-10; in another embodiment, a CT protein or polypeptide Is 
selected from the group consisting of CT, CTfn3. CTfn6. CTfn3-8, and CTfg. 

In another embodiment, the Invention disddses a method of preparing 
substrates for the attachment of ceBs thereto, comprising obtainir^ a CT protein or 
polypeptide exhibiting cell attachment activity and treating aoHd substrates having a 
surface to vwhlchceU attachment la desired with said polypeptide. In various 
disclosed embodiments, the solid support or substrate may com^wlse glass, egarose. 
a synthetic resin material (e.g., nittocellulose. polyester, polyethylene, and the Uke). 
long-chain polysaccharides, and other similar substances. 

The invention also discloses compositions comprising CT proteins or 
polypeptides exhibiting a cell-attachment activity in substantially pure fonn. In 
various embodiments, the polypeptides are derived from segments of the CT protein 
identified herein as SEQ ID NO 2 or 4. Polypeptides identified herein as SEQ ID NOS 
5-10, CTfn3, CTfne, CTfn3-6, and CTfg are else useful In this regard. 

In another embodiment, a composition according to the present invention 
comprises a CT protein or polypeptide exhibiting a cell-attachment activity in 
substantially pure form, attached to a solid support or substrate. The solid support 
may be e prosthetic device, implant, or suturing device designed to have e surf ace in 
contact with neuronal cells or tiw Uke; further, it mey be designed to lessen the 
likelihood of immune system rejection, wherein said surface of said device is coated 
with a polypeptide exhibiting a cell-attachment activity. 

The present invention also discloses a substantially pure polypeptide derived 
from CT, wherein said polypeptide has cell-ettachment-promoting activity. In various 
embodiments, the polypeptide Is selected from the group consisting of CTfnS, CTfn6, 
CTfn3-6. and CTfg. In other variations, the polypeptide is linked to a solid support or 
substrate to form a useful composition. 

A CT-derived polypeptide having cell attachment-promoting activity according 
to tiie present invention is preferebly not more than 100 amino acid residues in 
lengtii. In various preferred embodiments, a CT polypeptide is at least three (3) 
amino acids in lengtii; in another variation, a CT polypeptide is fewer than 50 amino 
acid residues in length. A CT polypeptide is preferably selected from the group 
consisting of CTfn3. CTfnB. CTfn3-6. and CTfg. In anottier embodiment, a CT 
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polypeptide may be linked to a solid support or substrate. 

fVAMPLgS 

The followino examples are given for Blustratlve purposes only and do not In 
5 any vtvf limit the scope of the invention. 

Example 1 

PrnnnrnTliT" p^"'"" Pn'YWPtidBa 

CT is a muWdomain protein which has several different functions in vivo. 
these functions comprise cell attachment followed by ceU spreading and neurlte 
10 outgrowth. In order to associate the various function, of CT with specific CT 

domains, recombinant protein fragments of CT were made wNch contain .pacific 
regions spanning almost the entire CT molecule. CeU attachment, morphologv. 
percent sprouting, and neurit, outgrowth of cdls plated on sub«rata coated with 
each of the CT fragments were than analyzed. 
15 A. pnn rrin^"" T T Fir'"" p^teint and Pnlvneptidfla 

Ten different protein expression vector, were constructed to express CT 
fusion polypeptides. Rve of these constnicts, CTegf. CTfn1-2, CTfn3, CTfn7-8. and 
CTfg were made in the pGEX-2T and pGEX-3X vectors (Phamnacia. Uppsala. 
Sweden) (Prieto. et at.. I mil fflnl. 118: 663-678 (1992) and Prieto. et al.. EtQC. 
20 Mnrl ^"^ "«A90: 10154-10158 (1993)). Rve of these constructs. CTfn4. 

CTfn5. CTfn6. Ctfnspl. and Ctfn3-6 (a construct comprising the the CTfn3 and 
CTfne regions) were made in the pGEX-4T2 vector (Pham^acia. Uppsala. Sweden). 

When DNA encoding the CT polypeptide is inserted into the pGEX vectors m 
th. ««ne translational frame as the DNA encoding the glutathione-S-transfer.se 
25 (GST) protein domein. . fusion pmtein consisting of th. c.rboxy.t.rmin.l portion, of 

GST fused to the CT polypeptide i. expre..«J. GST provide. . me.n. for the 
puriflction of th. CT:GST fusion protein from the other E. coil ceUul« compon.nts. 

Th. CT:GST fusion proteins ere designatsd «nd c.n b. de.crib.d bu.d on 
th. portion of CT that th.y .ncod.. .s shown in Tabl. 1 . Th. amino add residue, of 
30 chiclcen CT (SEQ ID NO 4) which correspond to the amino acid residues of each 

CT GST fusion proteins is indicated in Table 1. Roman numerals were used to 
d.sign«e the individual chicken fibronectin (f n) type III repeat. .. iUustrsted In Rgure 
1. Th. fibron.ctin (fn) typ. HI r.p..t dMlgnations correspond to those ongmaUy 
usedintheOter.tur.byJon....tai..EIlAa£a: 2186-2190(1988); Jon... .t .1 
35 EMAaJfi: 1905-1909 (1989); W.ner. et .1.. I Hfll BIOl . 11 2: 355-362 (1991). In 

addition, fiv. amino acids from both the preceding and the following f n type III 
repeat, were included In the fn type II. const^cts CTfn 1-2 and CTfn3 to facilitate 
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prop«r folding of the individual CT type III prbtsin domains. CTagf contains all tha 
EGF-like rapaats, CTfn1-2 contains the proximal fibronectin type III repaata IHI); 
CTfnS contains the fibronectin type III repeat (III); CTfn4 conta'ms the fibronectin 
type III repeat (iV); CTfnS contains the fibronectin type III repeat (Vi; CTspl contains 
5 the alternatively spliced fibronectin type III repeats (VaVbVc); CTfnS contains the 

fibronectin type III repeat (VI); CTfn3-S contains the fibronectin type III repeats (Ul 
and VO; CTfn7-8 contains the last two fibronectin type ill repeats with the exception 
of the 13 amino-terminal amino adds of repeat VIII (VII and VIII); and CTfg contains 
the entire fibrinogen domain and includes the 13 amino-terminal amino adds of 
10 fibronectin repeat VIII. 

TaUal 



Clone 


SEQ ID 




Amino Acid 


iaalpnation 


UQ. 


Raolon 


Regldue 


agf 


4 


EGF repeats 


1-591 


fn1-2 


4 


Ml 


592-773 


fn3 


4 


III 


774-864 


fn4 


4 


IV 


866-9SS 


fnS 


4 


V 


957-1044 


fnS 


4 


VI 


1318-1398 


spl 


4 


VaVbVc 


1045-1317 


fn7-8 


4 


VII-VIII 


1132-1569 


fn3-6 


4 


lll/VI 


774-864/1318- 


(or f n3/6) 






1398 


fg 


4 


Vlll-fg 


1570-1810 



B. Constnifftion nf CT F.i«inn Prntftin Expression Vectors 

Fusion proteins comprising a preselected portion of CT end the GST domain 

were expressed from pGEX vectors (Pharmada, Hscataway. NH). The pGEX 
30 plasmids are designed for indudbia, high-level intracellular expression of genes or 

gene fragments as fusions with Schistosoma Japonieum glutathione S-tranaf erase 

(GST) (Smith, et al., pane 67 : 31 (1988)). The CT:GST fuaion proteins are purified 

from bacterial lysates by affinity chromatography using glutathione-Sepharose 48. 

Elution from the glutathione-Sepharose 48 using reduced glutatNone provides very 
3 5 mild elution conditions for the release of the CT :GST fusion protein from the effinity 

matrix, thereby minimizing effects on functional activity of the fusion protein. 
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The multlpis ctonlng sites of the pGEX vectors provide for the unidirectional 
insertion of cDNA inserts. The primary differences between the various pQEX 
vectors used herein - i.e.. pGEX-2T. pG6X-3X. and pGEX.4T2 - are the restriction 
sites and the reading frame of the restriction site, present in the multiple doning Ite. 
The strategies described herein which were used to generate the pGEX vectors to 
express the CT:GST fusion proteins were adapted to insert the CT-DNA homolog. 
Into the appropriate vector to place the CT and GST DNA coding regions In the ««ne 
translational reading frame. 
1 pr flpwrtinn q f T^T RNA """"n'oos 

The detailed construction of the vectors for the expression Of CTegf. 

CTfn7-8. and CTfg I. described in Prieto. et al.. , t rnllBiOl . Ha : 663-678 (1992). 
CTfn7-8. as described in Prieto et al.. was renamed CTfnS for use in tWs invention. 
The CT cDNA fragments corresponding to the fn type III repeats were excised from 
PEC802 (Jones, et al., EtlASJS: 2186-2190 (1988)) and pEC801 (Jones, et al.. 
15 EMASJfi: 1905-1909 (1989): Prieto. et al.. I Gfll RiOl . 119 : 663-678 (1992)1 by 

restriction digestion to generate the CT-encoding DNA fragments. The CT-encod.ng 
DNA fragments were then inserted into one of the pGEX expression vectors to 
express a fusion protein consisting of a CT fragment fused to GST (CT:GST fusion 
protein). 

20 i=our different templates were used as sources of CT-encoding cDNA. The 

piasmid vectors witit CT-encoding cDNA Inserts were pECSOl (Jones, et al.. EMAS 
afi- 1905-1909(1989); Prieto. et a. .. i.£lM»L_Lia: 663-678 (1992)). pEC802 
(Jones etal..EMAa£a: 2186-2190 (1988)). pEC803 (Jones et al.. ECIAaJa:201 9- 
2095(1992)): end pCG2 (Jones. etal..EMAafifi: 1905-1909(1989). The CT- 
encoding CDNA inserts comprise alternatively spliced CT-encoding cDNA inserts and 
different portions of ^ CT-encoding cDNA. pEC802 and pEC803 contain cDNA 
encoding a part of CT as de.crib«l in Jones et al.. ENAa^:21 86-21 90 (1988). 
PCG2 contains the 3' region of the cDNA encoding CT wWch spans bp 4,515 to bp 
6.061. All base pair numbering is as given In Jones et .1., EMASJi: 2186-2190 
(1988). 

The piasmid pECBOl was used as the template for the preparation of the 
PGEX-2T vector which expresses an EGF:GST fusion protein. The piasmid pEC801 
contains a CT-encoding cDNA which comprises ti« EGF and f n type 111 regions of CT 
including tini ahematively spliced region V.VbVc (Jones et al.. EMASJfi: 1905- 
1909(1989)). TopreparetheEGF-encodingDNAfragment.10pgoftheXgt11 
bacteriophage DNA was incubated in 1x restriction digest buffer (150 mM NaCU 8 
„M Tris-HC, pH 7.5. 6 mM MgSO. 1 mM DTT, 200 pg/ml BSA) wKh the restriction 
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enzyme EcoRI (30 units) and Incubated at 37-C for 2 hours. The lesutting fraflment 
spanned the EGMlce repeats of CT from base pair (bp) 830 to 2182. After gel 
electrophoresis of the digest products, the region of the gal cotrtaining the EGF- 
encoding DNA fragment of the appropriate number of base pairs was excised, the 
DNA purified by standard methods, and ethanol precipitated and r-«i.pended In a 
TE solution conteinlng 10 mM Tris-HQ. pH 7.5 and 1 mM EDTA at a final 
concentration of 100 ng//il. The resulting EQF^NA homologs have cohesive termini 
adapted for directional ligation to the vector pGEX-2T. 

The prepared EGF-DNA homolog was then directly Inserted by directional 
Hgation Into the PGEX-2T expression vector. The pGEX.2T expression DNA vector 
was prepared for insertion of the EGF-DNA homolog by admixing 1 po of the pGEX- 
2T vector DNA to a solution containing 10 units of the restriction endonuclease 
EcoRI and a buffer recommended by the manufacturer. This solution was maintained 
at 37-C for 2 hours. The digestion product was purified by extracting the solution 
with a mixture of phenol and chlorofomi followed by ethanol precipitation. The 
PGEX-2T expression vector was then ligated to the EGF-DNA homologs prepared as 
described above. 

The EGF-DNA homolog was directly inserted into the pGEX-2T expression 
vector by ligating approximately three moles of EGF-DNA homolog insert with each 
mole of the pGEX-2T expression vector at 4-C for 16 hours in the presence of T4 
DNA ligase under conditions recommended by the manufacturer. The ligation 
mixture containing the EGF-DNA homologs Inserted into the pGEX-2T vector were 
transfom,ed Into the £. coii .train NM522 (SUatagene. U Jolla. CA) according to the 
manufacturer's specifications. An NM522 colony conteinlng the pGEX vector 
construct which expre«.es an EGF:GST fusion protein was selected by plating the 
transfomiatiori mixture on agar plates containing L-broth and ampidllin (Maniaba. 
rnnlnrHlnrnnninn- ^ ■ Manual. Cold Spring Harbor Laboratory. Cold Spring 

Harbor. NY (1982)). 

The PGEX-2T expression vector, which expresses a CTfgiGST fusion protein, 
was prepared by digestion of the plasmld pCG2 with Bglll and Xmnl to excise a 
1.020-bp cDNA insert. The resulting 1,280*P Insert spans bp 5.013 at the Bglll alte 
to 6.033 at the Xmnl «te. The overt^anglng ends of the cDNA insert were filled In to 
generate blunt ends by incubation with 1 Unh of T4 DNA polymerese In 1x buffer 
,30mMtris-acetate.pH8.0; 70 mM potassium acetate: 10 mM magnesium 
acetate: 0.5 mM dithiothreitol: 0.1 mg/ml bovine serum albumin: 10 //M of each 
dNTP) and incubating at 37-C for 15 minutes (Manietis. Mnlnnilnr rinninfli A 
.,K»„.nn, Manual, cold spring Harbor Laboratory. Cold Spring Harbor. NY (1982)). 
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Th« cDNA Insert was then inserted into the pGEX-2T vector which had been digested 
with the Smal restriction enryme as described above. The blunt ends of the cDNA 
inserts generated by Klenow flIWn reaction were Ugated to the Smal digest-generated 
ends of PGEX-2T. The Ugated pGEX-2T and CTfg inserts were trensformed Into 
NM522 and a colony containing the pGEX vector construct which expresses a CTfg 
fusion protein was Identified using the same methods described above. The 
orientation of CTfg cDMA Insert In the same translational reading frame as the GST 
protein domain and which would express the fg:GST fusion protein from the pGEX- 
2T vector was determined by digestion with additional restriction enzymes. 

The pGEX-3X expression vector which expresses a CTfn7-B:GST fusion 
protein was prepared by digestion of pEC803 (Jones et al.. EMASJ2: 2091-2095 
(1 992)) with EcoRI and Bglll to excise a 500-bp CTf n7-8-encoding DNA fragment. 
The EcoRI and Bglll ends were filled in using T4 DNA polymerase to generate blunt 
ends as described In Maniatis. liL. <19B2). The blunt ended cDNA fragment, from bp 
4513 at the EcoRI site to bp 5013 at the Bglll site of CT, was than Ugated with 
PGEX-2T that had been digested with the restriction enzyme Smal. The Ugated 
pGEX-3X and CTfn7-8 cDNA insert were then transfonmed into NM522 and ampicillin 
resistant colonies containing the pGEX vector construct with a CTfn7-8:GST cDNA 
insert in the orientation which would express a CTfn7-a:GST fusion protein were 
selected using the same methods described above. 

The next set of pGEX vectors to express CT:GST fusion proteins were 
generated by PGR amplification of specific regions of the CT cDNA molecule. The 
restriction sites EcoRI and BamHI were incorporated Into the 5* and 3' PGR primers, 
respectively. Tha PCfl primers were designed to generate a CT cDNA insert In the 
correct translational frame and orientation so that a CT:GST fusion protein would be 
expressed from the pGEX vector. 

The cDNA regions that were ampUfied corresponded in the chicken to f n type 
III repeats numbered according to Jones. etal..EIiASJfi= 1905-1909(1989)): EGF 
repeats, l-ll. Ill, IV. V, VaVbVc, VI. Vll-Vlll. and fg (Figure 1 ). 

The polynucleotide primers for use In the PCR reactions can be prepared 
using any suitable method, such as. for example, the phosphotriester or 
phosphodiester methods. (See Narang et al., MflTh , FnrYmPl . 68 : 90 (1979); U.S. 
Patent No. 4.356,270; end Brown et al.. MflTh FnTYmol. 68: 109 (1979), the 
disclosures of which are Incorporated by reference herein.) All primers and synthetic 
polynucleotides described herein were synthesized on an AppHad Biosystems DNA 
symhesizer. model 381 A. following the manufacturer's instmctions. 
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The nucleotide sequences of the PCR primers used to generete the cDNA- 
encoding specific regions of CT ere given in Table 2. The cDNA regions that were 
ampUfied are designated in Table 2 under the CT column. The corresponding SEQ ID 
NO and the nucleotide sequence of the primers is given from the 5' to 3* direction. 
5 When preparing the Ctfn3/6 construct, the primers having SEQ 10 NOS 22, 26, 27 

and 28 are preferably used, although some altemates are also useful, as shown. 

Various restriction sHes were incorporated Into the primers to facilitate 
Insertion of the CT-encoding cDNA Into the appropriate pGEX vector. The EcoRI 
sites are shown with single undortining; the BamHI sites are double-underiined; and 
10 the Xhol restriction sites are shown In bold type. 



Table 2 

CT(SEQ >PNO) Nuclnntirift SBn..»nr^ 

5*fn1-2 (13) 5" TAATTfia£Q2£GQQATCGACTGTTCTGATGTGTCT 3' 

3*fn1-2(14) 5' TAATTGfiAmCAGGGGCATCGAGTTTTGTQ GTTAT 3- 

5'fn3 (15) 5' TAATTfiS^CGAGTGATAACCCAAAACTCGATGC 3* 

3'fn3 (16) 5- TAATTGfiAAHCTGGAGCATCCAAGTCTGTGACAAA 3* 

5'fn4 (17) 5* GC6fi2^]££GACTTGGATGCTCCACQ 3' 

3*fn4 (18) 5* GCGfiAAnCAGTGCCAGCATTAATGGTAGC 3' 

5*fn5 (18) 5' GCGfi2^I2£GATCTTGATAACCCCAAGGAC 3* 

3'fn5 (20) 5* GCGfiAAnCAGTCGAACCCTTGATGGT 3' 

5*fn6 (21) 5' GCGj32AIg£GTTGTGGGATCTCCCAAG 3' 

3'fn6 (22) 5" GCGCTCGAGTGTTTTCAIaAAIICCAGAAATGGQTTCGC 3* 

S'fnspl (23) 5* TAATTfifi^ICCCGAGGAAGAACCTGAGCTTGQAAACTTA 3' 

3'fn8pl (24) 5' TAAATTfiAAHCTGTGGTTGCTACTGAATTTATGGGTTG 

GGAGC6 3' 

3'fn3 (26) 6' GCGfiSJ^^IgCAAACTCGATGCCCCTAGC 3' 

6'fn3 (27) 5* GCGCTCGAQTGTGACAAAGACCTT 3' 

5*fn6 (28) 5* GCGCTCQAGGTTGTGGGATCTCCCAAG 3" 



PCR ampUfication was perf omned using two diff ererit plasmids, pEC802 and 
pEC803, as the CT-encoding template. The complete nucleotide and amino add 
residue sequences of the CT-encoding cDNA, including the VaVbVc region, are given 
In SEO ID NO 3 and 4, respectively. CTfn3. CTfn4, CTfnS, and CTfn6 ware prepared 
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using pEC802 as the source of the CT-encoding cDNA temptate. CTfnspl was 
prepared using pEC803 as the source of the CT-encoding cDNA template. The 
nucleotide sequences of the 5" and 3' primers which correspond to each of the CT 
regions amplified are shown in Table 2. For example. B'fnS refers to the 5' primer 
5 used to amplify the CT region fn3. 

PCR amplification Is performed in e lOOpI reection containing approximately 
100 nanograms (ng) of the chicken CT cDNA template, 100 ng of 3' primer. 100 ng 
of the 5' primer (Table 2), 200 mM of a mixture of dNTP's, 50 mM KD, 10 mM Tris- 
HQ pH 8.3. 1 .5 mM MgCij, 0.001 % gelatin and 2.5 units of Themus aguaticus 

10 {Tag) DHA polymerase. The reaction mixture is overlaid with mineral oil and 

subjected to 30 cycles of ampUfication. Each ampnfication cycle includes 
denaturation at 93*C for 1 minute, annealing at 48*C for 1 minute and 
polynucleotide synthesis by primer extension (elongation) at 72*C for 2 minutes. The 
amplified CT-coding DNA homolog-containing samples are then extracted twice with 

15 phenol/cMoroform, once with chloroform, ethanol precipitated and are stored at - 

70*C in 10 mM Tris-HO, pH 7.5, and 1 mM ethylenediaminetetraacetic add (EDTA). 

CT-coding DNA homolog synthesis and amplification from the chicken CT 
DNA template was visualized by agarose gel electrophoresis. The amplified CT- 
coding DNA homolog was seen as a major band of the expected size. The CT- 

20 encoding DNA homolog prepared above is then inserted Into pGEX-4T2 vector and 

the encoded CT:GST fusion protein is expressed. 

2. Insertion of CT-DNA Homoteqg into dGEX Protftin Fynresainn Vartnrc 
' The PCR products were subdoned in the appropriate restriction sites of 
pGEX-2T. PGEX-3X, or pGEX-4T2 (Pharmada) to generate in-frame constructs for 

25 exjsression of a CT:GST fusion protein. To construct a pGEX expression vector, CT- 

DNA homologs vvere prepared according to Example I.B.I, using the primers shown 
in Table 2. The resulting PCR-ampiified products (2.5 ^/30//l of 150 mM NaQ. 8 
mM Tris-HQ, pH 7.5, 6 mM MgSO*. 1 mM DTT, 200|ig/ml BSA) ere digested at 
37*C with restriction enzymes EcoRI (20 units) and BismHI (20 units). The CT-DNA 

30 homologs are purified on e 1% agarose gel using a standard technique as described 

in Maniatis, JiL, (1982). After gal electrophoresis of the digested PCR amplified CT- 
DNA homologs. the region of the gel containing DNA fragments of the appropriate 
number of base pairs is exdsed, purified by a standard technique, ethanol 
predpitated and re-suspended in e solution containing 10 mM Tris-HCI. pH 7.5 and 

35 1 mM EDTA (TE) to a final concentration of 100 ng/pl. The resulting CT-DNA 

homdogs have cohesive termini adapted for directional ligation to the vectors pGEX- 
2T. pGEX-SX, and pGEX-4T2 (pGEX). These prepared CT-DNA homologs are then 
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directiy inserted by directional ligation Into linearized pGEX expression v 
were prepared 88 described below. 

The pGEX expression ONA vectors were prepared for Insertion of a ONA 
homolog by admixing 10 //g of the pGEX vector DMA to a solution containing 20 
units each of the restriction endonudeases EcoRI and BanrtHI arid a buffer 
recommended by the manufacturer. This solution was maintained at 37'C for 2 
hours. The DNA was purified by extracting the solution with a mbcture of phenol and 
chloroform followed by ethanbl precipitation. The pGEX expression vector was ready 
for ligation to the CT-DNA homologs prepared in the above example. These prepared 
Ct-DNA homologs were then directly inserted into the EcoRI and BamHI restriction 
digested pGEX expression vector that was prepared above by ligating approximately 
three moles of CT-DNA homolog inserts with each mole of the pGEX expression 
vector In the presence of T4 DNA Ugase using the manufacturer's recommended 
conditions. The ligation mixtures containing the CT-DNA homologs were transformed 
Into the £. coli strain NM522 (Stratagane, La Jolla, CA) according to the 
manufacturer's specifications and selected with ampiciiUn. 

3- Nuclaotldfl SflouencB Dfttwrminiitinn nf t ha CT-nMA H»»Tp| nnTi 
The nucleotide sequence of the CT-DNA homologs was confimied by the 
dideoxynudeotide chain-termination method using Sequenase (United States 
Biochemical, Columbus. OH) (Sanger, et al., PNAS 74 : 5463-5467 (1977)) and the 
5* pGEX sequencing primer |5'- GGGCTQGCAAGCCACGTTTGGTG -3')(Phannacla). 
No nucleotide changes were observed in the PCR products. 
C. Expression and Purification of CT Rwlnn Prnt«in« 

The fusion proteins consisting of a portion of the CT molecule and GST 
(CT:GST fusion protein) were expressed In E co//NM522 cells (Stratagene, La Jolla. 
CA) from the pGEX protein expression vectors constructed in Example I.B.I. 
Although the GST domain can be removed from the CT:GST fusion protein to 
generate a protein encoding only CT during the purification procedure, previous 
experiments had indicated that GST alone did not contribute to cell adhesion (Prieto 
etal.. J. Cell Biol 11 fl; 663-678(1992)). Therefore, removal of the GST domain 
was not performed In these assays; however, the GST domain was expressed from 
the PGEX-2T vector and included in these assays. The CT:GST fusion end GST 
proteins were then purified from other cellular components by selectively binding the 
CT:GST fusion protein in e cell lysate to glutathione-Sepharosa 4B via the GST 
portion of the fusion protein. The bound protein was extensively washed to remove 
£. coli cellular components and the purified CT:GST fusion or GST protein was 
specifically eluted from the glutathione-Sepharosa 4B as described below. 
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An ampidllin-resistant NM522 colony containing the pGEX vector wWch 
expresses one of the CTiGST fusion proteins was used to inoculate 100 ml of LA- 
broth (L-broth with SO pg/ml ampicilUn) and incubated at 37*C with agitation for 10 
hours. These cultures were then used to inoculate 900 ml of LA-broth and incubated 
for 3 to 4 hours at 25'C with agitation until an opticd density of 1 .0 at 650 nm was 
reached. Expression of the fusion protein was then Induced by the addition of 0.1 
millimolar (mM) Isopropyl-O-D-thiogalactopyranoside (IPTG. Sigma. St. Louis, MO) and 
incubation for 20 hours at 25*C with agitation. 

The bacteria were harvested by centrifuging at 9.000 rpm in a GSA rotor for 
10 minutes. The bacterial pellet was resuspended in a lysis buffer (50 mM tris-Ha. 
pH 7.5: 0.1% UP-40: and 1 mM MgOj). The bacterial resuspension was then lysed 
by fronch press and clarified by cantrifugation at 10,000 rpm in an SS34 rotor for 20 
minutes to pellet the bacteriel debris. The clarified supernatant containing the 
CT:GST fusion or GST protein was incubated with 14 ml of glutathidne-Sepharose 4B 
beads (Pharmacia) at 4*C for 1 hour with gentle rotation. The fusion or GST protein 
bound to the glutathione-Sepharose 48 beads was then washed extensively with s 
washing buffer (20 mM tris-HO. pH 7.5 and 1 mM dithlothreltol) to remove unbound 
bacterial debris. 

The fusion or GST protein was spadfically etuted from the glutathione- 
Sepharose 4B beads serially three times with two bead volumes of elutlon buffer by 
•incubation in alution buffer (50 mM tris-HCI. pH 8.0 and 1 mM reduced glutathione). 
The eluate wes dialyzed against distUled water and lyophilized. The lyophilized 
CT:GST fusion or GST protein was dissolved In sterile phosphate buffered saline 
(PBS), the protein concentration determined, and aliquots of the protein stored at - 
70'C. 

The molecular weight and purity of the eluted proteins was determined by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The GST 
was not cleaved from the CT:GST fusion protein during purification, therefore, the 
molecular weight of the fusion protein includes 26,000 kDa of the GST protein. 
Three pg of the purified CT fusion proteins were admixed with an equal volume of 2x 
SDS-PAGE load buffer (200 mM tris-HQ. pH 8.6; 0.005% (w/v) bromophenol blue. 
20% (v/v) glycerol) and the proteins separated electrophoreticelly on a single-well 
10% SDS-PAGE with 1x SDS-PAGE running buffer (25 mM tris-baso. 192 mM 
glycine. pH 8.5). The separated proteins were visuaUzod by staining the proteins 
wrth Coomassle Blue and the apparent molecular weight (M.) determined by 
comparison to protein molecular weight standards (Table 3). The GST was not 
cleaved from the CT:GST fusion protein during purification, therefore, the molecular 
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welght of the fusion protein indicated in Table 3 includes 26,000 IcDa of the GST 
protein. The GST protein, expressed from pGEX-2T, has an M, of 26,000 kDa. 

Table 3 



CT:GST Fusion Protein 


Predictsd M, (kDa) 


CTegf 


72,600 


CTfn1-2 


50,500 


CTfn3 


36,500 


CTfn4 


36,600 


CTfnB 


36,500 


CTfn6 


36,100 


CTfn7-8 


44,400 


CTfnspl 


56,000 


CTfg 


63,300 



The resuKs, as demonstrated by SDS-PAGE analysis, indicate that the 
CT:GST fusion proteins isolated, eluted, and eleetrophoresed on a 10% SDS-PAGE 
gel, according to the aforementioned procedure, had relative molecular weights at 
the anticipated apparent M,. Therefore, results of the Coomassie Blua-stained SDS- 
PAGE gels Indicated that CT:GST fusion proteins of the appropriate weights were 
expressed and purified. Results of the SDS-PAGE analysis indicate that samples 
CTfn3, CTfn6, and CTfn7-8 contained more than one protein. These sample proteins 
represent the CT:GST fusion protein and degradation products of the CT:GST fusion 
protein. Sufficient amounts and purity of the CT:GST fusion proteins were isolated 
via this procedure for use according to the within-disclosed methods and procedures. 
Example 2 
Prftnaration of Monodonal AntitwdiflS 

Briefly, BALB/c mice are immunized via sequential intraperitoneal 
immunizations with 50 //g of immunogen (preferably purified) in CPA f complete 
Freund's adiuvant; Calbiochem, San Diego, CA). As described previously, 
immunogens are selected from SEQ ID NOS 2 and 4-10. Polypeptides identified 
herein as CTfn3, CTfn6, and CTfn3-6 are also useful as immunogens, as are proteins 
and polypeptides substantially homologous thereto. 

Subsequently, hybridomas are generated according to the methods described 
in Section E.I. hereinabove. (Also see Ausubel. et al. (eds.), CuiTflnt ProtPCOlS in 
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^ John Wiley & Sons. NY (1994». Chp. 11, tor a description of 
useful methods of generating, identifying, and purifying monoclonal antibodies.) 

Screening strategy for antibody selection generally comprises analysis of the 
reactivity of hybridoma culture fluids with immunogen (if a polypeptide is used) as 
weU as with Intact cytotactin (CD. Hybridomas reacting whh the immunogen (e.g.. 
CTf n3) are selected for antibody production and are preferably established by two to 
four times sequential subclonings by limiting dilution. A variety of screening methods 
for the detection, purification, and characterization of specific antibodies are avaUable 
in the art. For example, a variety of direct and Indirect ELISA methods. RIA methods, 
immunoaffinity and Western blotting methods are described in Ausubel. et al. (eds.), 
CufTBnt PrOTflCPis in MolBCUlar BiOlCOY , John Wlley & Sons, NY (1994) (see esp. Chp. 
11). 

IgG fractions from the hybridomas may be purified by affinity chromatography 
using the MAPS II system (Monoclonal Antibody Purification System. BioRad. 
Richmond. VA) or hydroxylapatite columns (Bio-Rad). Purification of antibodies from 
ascites fluid by affinity chromatography on protein A-sepharose CL4B (Pharmacia, 
Uppsala, Sweden) is another useful method. Monoclonal antibody affinity columns 
for use therewith are prepared by coupling isolated IgG to CNBr-activated Sepharose 
4B (Pharmacia) to a final concentration of 2 mg IgG per ml resin. 

Monoclonal antibodies may also be purified via FPLC, according to established 
protocols. Immunopurified antibodies may be isolated from purified CT immobilized 
on Affigel 15 (BioRad, Richmond. CA) according to the manufacturer's directions. 

Immunoscreening of monoclonal antibodies may be performed via 
radioimmunoassay (RIA). EUSA, or various other methods. For example, solid-phase 
RIA may be performed essentially es follows. 

Tissue culture supernatants from wells appearing to contain viable 
hybridomas after about 14 days of culturing are screened by RIA for the presence of 
anti-CT protein or polypeptide entibody molecules. Briefly, 100 microliters (jA) of 
phosphate-buffered saline (PBS) containing either 1 //g/ml of immunogen (e.g.. CT) or 
another protein (control) ere admixed into the wells of flat-bottom 96-well polyvinyl 
microtiter plates as solid phase mauix. The plates are than maintained for about 16- 
20 hours at 4*C to permit the immunogen or control protein to adsorb onto the 
surface of the wells to form a solid support. The coating solution is removed by 
shaking, the wells are rinsed, and 100 //I of blocking solution (PBS csntaining 5% 
normal goat serum) is admixed into each well to block excess protein binding sites. 

The wells are maintained for about 30-60 minutes at 37*C and then the 
blocking solution is removed. Into each well is then admixed 100 pi of either (a) 
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hybridoma tissue culture supemmant diluted 1:10 in PBS. or (b> hybridoma 
supernatant diluted 1:10 in PBS containing 100//g/ml immunogen (e.g.. CT) as a 
competitive inhibitor. The Immunoreactlon admbctures thus formed are mrintalned at 
room temperature for about 16-20 hours or at 37«C for about 1-2 hours, to permit 
the formation of a solid phase-bound immunoreactlon product and a liquid phase, 
including any rron-bound monoclonal antibody molecules. 

To each well is then admixed 100 pi of '-Habeled goat anti-mouse IgG. The 
labeling immunoreactlon admixture thus formed is maintained about 6-20 hour* at 
40C to permit f omiation of a «Habeled second sofid-phaaa immunoraaction product. 
The soHd and liquid phases are separated to remove any non-bound «»|.goat anti- 
mouse IgG. The amount of '"l-bound to each well is detennlned by gamma 
scintillation. 

The presence of at least about 3 times the amount of non-spedfically bound 
"»l. as detennined from the control wells and an immunogen-coated wall, indicate 
the presence of anti-immunogen antibodies in a tissue culture supernatant. A 
reduction of solid-phase bound by no more than about 1B% by the presence of 
Uquid-phase immunogen /e.g.. CTJ competitor in the immunoreactlon admixture 
indicates the presence of an anti-immunogen antibody in the tissue culture 
supernatant. 

Alternatively, following the f onnation of a first solid-liquid phase 
irnmunoreaction admixture, fifty lA of '«l-labeled immunogen prepared as described 
above is admixed ihto each well to fomi a second solid-liquid phase immunoreactlon 
admixture. The wells are maintained for 2 hours at 37*C and then rinsed three times 
to isolate the soHd-phasa bound '"Wmmunogen-containing immunoreactlon products. 
Excess liquid is removed by aspiration and the weUs are ellowed to dry. Individual 
wells are cut apart and the contained in each wall is detennined with a gamma 
coumer. 

Another useful procedure is that described in Husmann. at al., J. Cen ri»i , 
Ufi: 1475-1486 (1992). which procedure may be described essentially as follows. 
Lou X Sprague Dawley F1 hybrid female rats are immunized with immunogen (e.g.. 
any one of SEQ ID NOS 2 or 4-10). The rats are Immunized for the first time with 50 
pg of immunogen in 1 ml PBS. pH 7.4. mbced with an equal volume of complete 
Freund'a adjuvant and three or four times subsequently with 50 //g immunogen in 
incomplete Freund's sdjuvant at time intervals of 3-5 weelcs, all subcutaneously. 

Animals with serum titers between 1:5.000 end 1:10.000 dilution as 
detennined by EUSA (see below) are chosen for fusion. The rats receive two final 
Intraperitoneal Injections, each with 20 pg of the immunogen in PBS. 4 and 3 days 
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before the fusions. Fusions are carried out with the mouse myeloma done X-Ag8- 
653 (Kearney, et ai., J. Immunol. 123 : 1548-1550 (1979)) following established 
procedures (Lagenaur, et al.. DflyJiflUa: 367-378 (1980)) with minor 
modifications (Faissner and Knise, Neuron S; 627-637 (1990)). 
5 Hybridoma culture supematants are screened by ELtSA using purified 

immunogen and are further tested by Western blot analysis. Competition EUSA is 
used to identify antibodies that recognize epitopes different from each other. 
Corresponding hybridoma cells are then subcloned twice by limiting dilution (see, 
e.g., Lagenaur, et al., 1£L (1980)). 
10 For EUSA, wells of micro-test flexible assay plates (Falcon 3912; Bacton 

Dickinson Labware, Oxnard, CA) are coated overnight at 4*C with polypeptide 
Immunogen or CT (lOOpl/well at 0.5 //g/ml 0.1 M NaHCO,). Wells are washed with 
PBS. incubated for 1 hour at 37'C with 0.1 M NaHCO, containing 5 mg/ml BSA. 
washed three times with PBS, and incubated for 3 hours at 37*C with hybridoma 
15 supernatants and mAbs. After three washes with PBS, wells are incubated for 2 

hours at 37*C with HRP-coupled goat anti-rat IgG and IgM polyclonal antibodies, 
washed three times, and developed wHh 1 mg/ml ABTS (2. 2'-azino-di-I3- 
ethylbenzthiazoline sulfonate (6)1; Boehringer Mannheim Biochemicals) in 100 mM 
Na-acetate, 50 mM Na-phosphate (pH 4.2), and 0.01 % H^O,. The optical density is 
20 measured at 405 nm with an EUSA reader (e.g., Titertek Multiskan MKil, Flow). 

Competition assays may be conducted according to the method of Friguet, et 
al. (J. Immunol. Mathods 60 : 351-358 (1983)), essentially as follows. Hybridoma 
supematants of mAbs to be compared are incubated together with CT coated onto 
assay plates as described for the EUSA. In parallel, wells are incubated individually 
25 with each antibody. Hybridoma supematants of mAbs indicating an increase in 

absorbance when incubated together in comparison to being incubated individually 
are taken to recognize different epitopes on the CT molecule. As a positive conuol. 
mAbs known to recognize different epitopes may be incubated together. As a 
negative control, a twofold amount of hybridoma supematants or mAbs is incubated. 
30 Larger quantities of mAbs are obtained by growing the hybridortia clones in 

RPM1 1640 (Gibco Labs, Grand Island. NY) supplemented with 1% (vol/vol) 
Nutridoma (Boehringer Mennheim Biochemicals, Indianapolis, IN). Culture 
supematants are concemrated by ammonium sulfate precipitation and dialyzed 
against PBS. Purification may be confirmed via SOS-PAGE. 
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Exampl* 3 

Prebararinn of Pnh/ri»nif| Antihn>fi«« 

The various Immunogens used herein are prepared as described in Example 2 
above. Immunirations and procedures for the collection and screening of polyclonal 
antiser. are also conducted in the manner disdosed in Example 2 herein, or according 
to other accepted protocols. An exemplary protocol is essentially as follows. 

Add 2 mi complete Freund's adjuvant to 2 ml purified immunogen (1-2 mgMU 
in PBS). Emulsify the mixture according to standard protocols and administer the 
emulsion to an animal (e.g., a rabbit) via intramuscular, subcutaneous, or 
intraperitoneal means. Boost the rabbit intramuscularty about 4 weelcs later with 1 
mg antigen emulsified in incomplete Freund'a adiuvant (1:1|. Repeat the booster 
immunization two weeks after the initial boost. 

Bleed the animal from the marginal vein of the ear 10 days after the second 
booster immunization. Allow the blood to stand at room temperature aeveral hours 
before placing It overnight at 4«C. Once fomied. gently loosen the dot from the 
sides of the tube and remove it. Transfer the serum into an appropriate centrifuge 
tube and pellet any remaining RBCs and debris via centrifugation (10 min. at 5 000 x 
g). 

Administer further booster immunizations at 2-weelc intervals, bleeding the 
animal 10 days after each boost. Detennine the specific antibody titer of the 
antiserum by ELISA or RIA. according to standard protocols. (See, e.g.. Ausubel, et 
81.. liL (1994).) If desired, purify the spedfic antibody population following standard 
procedures (IdJ. 

The preparation and characterization of a variety of rabbit anti-CT polydonal 
antibodies is also described in Hoffman, et al.. J. Cell Biol iob. 619-532 (1988); 
Wahrie and Chiquet. Dav«ionm..nt i 401-415 (1990); Lochter. et al., . 
m: 1159-1171 (1991); and Wehrie-Haller. et al.. Develonm..nt 1 1 7 . 627-637 
(1991). the disdosures of which are incorporated by reference herein. 

Typically, purification of polydonal antibodies is accomplished as described 
above witii regard to monodonal antibodies. Purified Ig fractions of anti-CT rabbit 
polydonal antiserum may be prepared by ammonium sulfate fractionation and 
chromatography on DEAE Sephadex. Immunopurified antibodies are isolated from 
purified CT immobilized on Affigel 15 (BioRad. Richmond. CA) according to the 
manufacturer's directions. 

Alternatively, purification of the antibodies may be accompUshed fdlowing 
the standard protocols described in Ausubel, et al. (eds.). Current Prnt».n.. i.^ 
MolflCUlar Binlngy John Wiley & Sons, NY (1994), (see esp. Chp. 11), the 
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disclosures of which are incorporated by reference herein. For example, the 
antibodies may be precipitated with saturated ammonium sulfate or fractionated by 
chromatography on DEAE-Affl-Gel Blue (fiio-Rad). according to the manufacturer's 
instructions. 



PTBDBration of Anti-ldintvn^ Antih«|tjftn 

An appropriate immunogen - e.g., an anti-CTfn3 antibody - is prepared and 
administered as described in Example 2 above. Typically, emulsions (200-400 
//I/mouse) of equal volumes PBS containing 2S-100pg immunogen and complete 
Freund's adjuvant are prepared and iniacted Into the animal to be immunized - e.g., a 
mouse. Following subsequent boosting, the animal is bled and antibody is colleeted. 
Once the titer is sufficient, cell fusion is performed subsequently, followed by 
standard screening, cloning, and isolation protocols. After the isolation and 
expansion of clones, ascites fltn'ds are collected and monoclonal antibodies purified 
therefrom. (See, e.g, Ausubel. et al. (eda.). Current Prornnnls In Mni»r..i,^ Rinj^fiy 
John Wiley & Sons. NY (1 994), Chp. 1 1 .) 

Immunoaffinity chromatography of the immunogen may also be performed 
according to the method of Greve and Gottlieb. J. CbM. Biorhem. 1H; 221-229 
(1982), or McMaster and Williams. Immtinni. Bay A7- 117-137 (1979), the 
disclosures of which are incorporated by reference herein. Also, while monoclonal 
anti-idiotype antibodies are particularly preferred, polyclonai antl-idiotypo antibodies 
may be prepared according to the methods disclosed in Section E and Example 3 
herisin. 

Immunoscreening procedures used to identify useful antiidiotype antibodies 
are those described in Example 2. Alternatively, the methods of Laemmli and Favre, 
J. Mol. Biffl. nn: 576-600 (1973) or Greve and Gottlieb, UL (1982) (the disclosures of 
which are incorporated by reference herein) may be used. Purification qf anti- 
idiotype antibodies is performed as described above and In Example 2. 

Example 5 

In the cell attachment assays, a single ceU suspension was allowed to settle 
for a fixed period of time onto a solid support that has been coated with the different 
CT-derived proteins to be tested for cell attachment (Friedlander, et al.. J. Celt Blni. 
IfiZ: 2329-2340(1988)). After removing the unbound end loosely bound cells by 
washing, the attachment and morphology of those cells remaining on the dish were 
analyzed. 

A. Solid Stinaoft Preparation 
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Solid supports for the cell attachmsnt assays were prepared by binding the 
fusion proteins to a solid support, such as a polystyrene dish. The amount of bound 
fusion protein was quantitated in order to determine the reiattonship between the 
number of cells attached to the fusbn protein with the number of picomoles of 
5 fusion protein bound to the solid support. 

1. QuantitlltiQn of Bound Fusion Protein* 

To quantitate the amount of fusion protein bound to the solid support, an 
aliquot of each of the fusion proteins was radiolabeied, admixed with unlabeled 
fusion protein, and allowed to bind to the solid support. The unbound fusion protein 

10 was removed by washing and the amount of bound fusion protein quantitated in 

' order to determine the amount of fusion protein bound to the solid support. 

The fusion proteins were radiolabeled with using enzymatic iodination 
with a mixture of lactoperoxidase and glucose oxidase immobilized onto hydrophllic 
microspheres (Enzymobeads; Bio-Rad Laboratories, Richmond, CA|. Approximately 

15 0.2 milligrams (mg) of fusion proteins were lodinated at a time. To a solution of 10 

mg/ml of fusion protein (500 //« in 0.2 M phosphate buffer, pH 7.5, 350 pi of 
Enzymobeed reagem was added, followed by 125 pi of 2% glucose and 2 to 3 
mIOiCuries (mO) of Na (*»t] (New England Nuclear, Boston. MA) (100 ma/ml). The 
iodination was allowed to proceed at room temperature for 40 minutes and the 

20 reaction was terminated by passing the mixture through a gel filtration column, PH- 

19 Sephadex G-25M (Phannacia). The iodinated protein was eluted with 6 ml of 
PBS. The first 2 ml of PBS were discarded and the rtext 4 ml were collected in 1 ml 
aiiquots. The samples were dislyzsd against PBS at 4*C for 8 hours, with three 
changes of four liters each. The iodinated proteins were stored at 4*C and the 

25 protein concentration was determined by the modified Lowry method (Lowry, et al., 

J. Biol. Chum, iga- 265-275 (1951) to detennine the specific activity. The purity of 
e^ch preparation was assessed by SDS-PAGE using 10-12% gels (Laemmll, Naturi* 
ILond l ?97; 680-685 (1970)) under reducing conditions. foUowed by 
autoradiography. 

30 The ability of cells to attach to different proteins depends strongly on the 

amount of protein bound to the solid support. To ensure tttat differences in cell 
attachment to fusion proteins were not due to differences in amounts of protein 
adsorbed to the solid support, the amount of protein bound per spot was determined 
for each fusion protein and cell attachment was assessed per mole of protein. 200 

35 PS of fusion proteins were iodinated as described above. 

Fusion proteins admixed with trece amounts of labeled protein were spotted 
on and adsorbed to polystyrene dishes and nonspecific binding sites blociced as 
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described above. The dishes were cut into small sections and the amount of 
radioactivity associated wrfth the spot detenninsd. The amount of fusion protein 
bound to the polystyrene dish was as follows: CTfh3 96 picomole (pmol)/mm»; 
CTfn4 123 pmol/mm»: CTfn5 116 pmol/mm*; and CTfn6 100 pmol/mm*. 
Quantification of the amount of fusion prote'm bound demonstrated that the amount 
of bound fusion protein was directly proportional to the concentration of fusion 
protein in the coatino mixture in each case. 

2. Preparation of Solid Stinoort writh Rot tnd Ptminn Prntn jnn 

Solid supports, consisting of e circular anay of CT or CT:GST fusion proteins 
bound to a dish, were prepared as follows for the cell attachment assay. 

. For the Initial study, non tissue-culture treated polystyrene plates (Falcon 
1 008) were spotted with 2 /<! of a 0.5 to 1 .5 solution of CT in PBS for 30 
minutes to coat a specific area on the dish with CT. CT was isolated from chicken 
brain or from fibroblast culture supernatant as described In Crossin, PNAS RHr 
1 1403-1 1407 C1991) and Hoffman et al.. J. Can Bini if>R- 519-532 (1988). CT 
was placed in a circular array near the center of the dish and incubated at 37'C for 
30 minutes. After CT had adsorbed to the dish, the cerrtral portion of the dish was 
washed once with 250 pi of 20% (w/v) BSA in PBS. Non-specific binding sites oh 
the dish were then blociced with 250 pi of 20% (w/v) BSA in PBS by incubation for 2 
to 3 hours at room temperature. 

For the subsequent study with the CT:GST fusion proteins, non tissue-culture 
treated polystyrene plates (Falcon 1008) were spotted with 2 pi of a 0.6 to 1.5 pM 
solution of CT:GST fusion protein in PBS as prepared in Example 5.A.2 or GST In PBS 
for 30 minutes to coat a specific area on the dish with CT:GST fusion protein or 
GST. The proteins to be tested were placed in a drcuiar array near the center of the 
dish and incubated at 37'C for 30 minutes. After the proteins adsorbed to the dish, 
the centrel portion of the dish was washed once with 250 pi of 20% (w/v) BSA in 
PBS. Non-specific binding sites on the dish were then blocked with 250 pi of 20% 
(w/v) BSA in PBS by incubation for 2 to 3 hours at room temperature. 

3. FIbreblflst Celt Praparotinn 

The chicken fibroblast cell Une SL29 (ATCC CRL1590) was grown to 
confluence In Oulbecco's Minimum Essential Medium (DMEM; Gibco-BRL, 
Galthersburg. MA) with 10% (v/v) fetal calf serum (FCS; Gibco-BRL) with penicillin 
and streptomycin. The cells were passaged the night prior to the assay and seeded 
at a density of 1:2. Cells were harvested in calcium, magnesium-free Hank's 
balanced salt solution (CMF-HBSS, Gibco-BRL) with 20 mM Hopes buffer and 5 mM 
EDTA. Harvested cells were washed in attachment buffer (CMF-HBSS with 10 mM 
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Hepas, 1 mM CaOa. 1 mM MgO,. 0.1 mM MnCI,. and 2% (w/v) bovtna serum 
albumin (BSA)) three times. The number of cells was quantitated by counting the 
cells In a hemocytometer. The cells were resuspended in attachment buffer to a 
density of 6 x 1 0* celisAnl. 

4. Dorsal Boot Ganaliii Nmirnnal CnH Pr.ini.rtt«n 

Dorsal root ganglia (DRG) cells or f orsbrain neurons were prepared for the cell 
aittachment assays as foUows. ORG from day 6 chiclcen embryos or forebrains from 
day 7 chiclcen embryos were dissected into HBSS. The tissue was pelleted by 
centrifugation and resuspended in CMF-HBSS and incubated at 37*C for 10 minutes. 
The tissue was pelleted again and resuspended in CMF-HBSS containing 0.08% 
trypsin and aUowed to trypsinize for 20 minutes at ZTC. An equal volume of 
DMEM/F12. 10% FCS, 20 ng/ml nerve growth factor (NGR (for DRG cells only), 10 
pg/ml gentamycin (10% medium) was added, and the tissue was pelleted and 
resuspended In 2 ml of the 10% medium. The cells were triturated with a fire- 
polished Pasteur pipette for 15 strokes, and the cells were washed and resuspended 
in 10 ml of 10% medium. DRG cells were plated in a 10 cm tissue culture dish end 
incubated for 1 hour at d7*C in 5% CO,, to allow for attachment of contaminating 
fibroblasts. 

After replating, the ceUs were harvested, pelleted and washed three times in 
DMEM/F12, 1 % fetal calf serum (FCS), 20 ng/ml NGF (for DRG cells only). 10//g/ml 
Oememydn (1 % medium), and the number of cells determined using a 
hemocytometer. The DRG were resuspended to a density of 6 X 10* cells/ml in 
attachment buffer. The neurons were resuspended to a density of 2 X 10* cells/ml in 
1 % medium and added to subsuates arid placed at 37 *C. 5% CO, for 15 hours. 

After the growth period, the dishes were gently rinsed with PBS to remove 
unbound cells, fixed with 1 % glutaraldehyde, and viewed by phase conuast 
microscopy. Ten to forty cells were analyzed for each substrate. Cells were judged 
es neurtte-bearing If the length of the processes wes greater then one cell diameter. 
All cells with neurites were photographed with a 20X objective and total neurite 
length per neurite-bearing cell was derived from the photographic prints. Percentage 
of neuronal sprouting was calculated from at least six experiments. Neurite length 
wes calculated from at least three experiments. 
B. Can Attwnhmflnt Aanav 

1. Cell Attachment Aasav to CT 

The effects of intact CT on cell attaclunem in vitro have been characterized. 
A number of cell types can attach to CT-coated solid supports although the ceUutar 
morphology remeins rounded. Attachment ectivities of CT have been mapped to the 



W096Mt8Sl3 



PCT/US95/11684 



-80- 

proximal f Ibronectin type III repeats and the fibrinogen domain (Prieto, et ai., «L£sll 
Biol. 119 ; 663-678(1992)). 

Chicken fibroblasts. ORG, and solid supports (dishes) coated with CT for use 
in the cell attachment assays were prepared as descHbed in Examples 5.A.2-4. 
respectively. The chicken fibroblasts and ORG at a density of 6 x 10* cells/ml were 
added to the prepared dishes and incubated at 37*C in 5% CO, for 1 hour. The 
dishes were then washed three times in PBS with gentle swirfino to remove 
unattached cefls, fixed In 1 % glutaraldehydo In PBS, and viewed by phase contrast 
microscopy. The number of bound cells was determined using a lOx objective with 
an eyepiece reticle. The number of cells was determined in four fields for each 
fusion protein dot as the number of cells bound per 384 iM*. CT was tested In 
triplicate. The number of cells bound for CT was expressed as the average of the 
twelve measurements ± standard deviation (SEM). 

CT, coated at a concentration of 20 /ig/ml, was used as a solid support for 
SL29 fibroblast attachment. The fibroblasts readily attached to the CT solid support 
as shown in Figure 2. To determine which domains of CT mediated the individual 
cell attachment activities demonstrated above with intact CT, fusion proteins 
spanning the entire length of the molecule were generated and tasted for cell 
attachment activity. Ragments of CT were generated using the pGEX fusion protein 
system, as described In Example 1. The cell attachment assay was performed 
essentially as described above for the cell attachment assay to intact CT. 

Results of the cell attachment assays using fragments of CT indicate that 
when the CT:GST fusion proteins CTfn3. CTfn8. and CTfg were coated on plastic at 
0.75 iM concentration, robust SL29 cefl attachment was supported. In contrast, 
GST and the CT:GST fusion proteins CTegf, CTfnl-2, CTfn4. <rrfn5, and CTfn7-8. 
whan coated on plastic at three times the concentration used for the other fragments 
that demonstrate binding activity, did not display significant attachment activity. 

This lack of significant anachment activity is defined as less than 1 cell per 
field. While robust cell attachment was supported by CTfn3. CTfn6, and CTfg, only 
CTfnS also exhibited cell spreading. 

The next step in defining the nature of the fibroblast cell interaction witii CT 
was to examine the receptors mediating the ettachment of these cells to CT by a coll 
attachment inhibition essay. 
C. CM AttarhmenT InhihiTion AssaV 

Chicken CT contains a single Arg-Qly-Asp (RGD) tripeptide, located in the 
tWrd flbrdnectin type III repeat, which is present in both CTfnl and CTfn2. RGD 
tripeptides have well-characterized binding activity to the integrin family of cell 
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surface receptors (Hynss, Call 48 ; 549-BB4 (1987)). RGD-dependent birtding of 
cells to CT has previously been reported (Bourdon, et al., J. Cetl Biol. 108 :1 149- 
1 155 (1989) and Friedlandar, et al.. J. Can Biol. 107 : 2329-2340 (1888)) and 
further studies reported that CT binds to two members of the Integrin family, a&, 
5 (Mendler, et al.. J. Can Bint. 11B : 1 37 (1 992)) and afi, ( JoshI, at al.. J. C«n Biol. 

134 (1992) and Mendler, et al., J. Call Biol. IIS; 137 (1992)) and that oeH 
attachment can be inhlUted by peptides containing the RGD sequence. It should be 
noted that the RGD sequence In CT is not conserved anumg species, it is absent 
from the mouse (Weller, et al., J. CaB Biol. 112 : 355-362 (1991)), and newt (Onda 

10 at al.. Dev. Biol. 148 :219-232 (1991)1 saouancas. but is oresent in the human 

(Gulchar et al., PNAS BB ; 1688-1592 (1989)) and chicken (Jones at al., EtiftSJ^: 
1905-1909 (1989) and Spring et el., QaSLSS.: 325-334 (1989)) sequences. 

The synthetic peptide Arg-Qly-Asp-Ser (RGOS) (SEQ ID NO 25) mimics the 
cell attachment signal of fibronectin and inhibits attachment of cells to fibronectin 

15 tPiarBchabachar. at al.. Nature 309 : 30-33 (1984)) but rtot cell attachment to 

eoilaoan fHavman at J. Can Biol. 100 : 1948-1954(1985)). Further, the peptide 
Gly-Arg-Gly-Asp-Thr-Pro (GRGDTP) (SEQ ID NO 12) hss been shown to be an active 
inhibitor of cell ettachment to type I collegen wNle the peptide Gly-Arg-Gly-Asp^Ser- 
Pro (GRGDSP) (SEQ ID NO 1 1 ) is far less effective inhibitor of ceU attachment 

20 tPadhar. at al.. .1. CaB Biol. 104 : 585-593(1987)). 

Recently, the third fibronectin type ill repeat (CTfnS) has been shown to be a 
Ugand for avp3, ovpe. (Prieto, et al., EUASJtO.- 10154-10158 (1993)) and a9pi 
integrins. It was also shown that CTfn3 can mediate RGD-dependent cell attachment 
via the cellular imegrins OyP, and OyP,. Binding of intact CT to a cellular (L, integrin 

25 has also been demonstrated; however, the CT binding site responsible for this 

interaction had not been determined. 

In order to determine the nature of the receptors mediating attachment of the 
fibroblasts to Ct, specific inhibitors of attachment, including RGD-containing peptides 
of differing specificities, were edded to the cells before plating on CT. 

30 In the cell attachment Inhibition assay, a single cell suspension was incubated 

with a potential inhibitor and then allowed to settle for a fbced period of time onto e 
solid support that has been coated with the different proteins to be tested . 
(Friedlandar, et at., J CaW Biol. 107 : 2329-2340 (1988)). After removing the 
unbound and loosely bound cells by washing, the attachment and morphology of 

35 those cells remaining on the dish were analyzed. 

In the cell ettachment inhibition assays, cells were incubated with soluble 
RGD peptides and/or a monoclonal antibody prior to incubation with solid support. 
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tho Inhibitors tested were the RGD-contsining soluble peptides, GRGDSP and 
GRGDTP end the mAb JG22 (DevelopmiBntal Studies Hytmdoma Bank at Deparunent 
of Phannacology and Molecular Sciences. Johns Hopkins University School of 
Medicine, Baltimore, MD). JG22 is a mouse hybridoma which binds to many types of 
chicken ceUs, including fibroblastt and muscle, and is specific to chicken (Greve, et 
al., t PaII Rinnham. 18 : 221-229 (19821). JG22 is known to perturb cell 
attachment to extracelluler matrix proteins and disrupts the function of the 0, 
integrin. 

The cell attachment Inhibition assay was psrf onned essentially as described 
for the cell attachment assay In Example 5.B.. but with the following modifications.. 
The solid support and cells were prepered as described in Example 5.B. Again, the 
initial assay was performed using only intect CT for the preparation of the solid 
support. The inWbitors tested. GRGDSP. GRGDTP. end the mAb JG22, were 
admixed with separate aliquots of the chicken fibroblast SL29 and DRG cells prior to 
addition to the solid support containing Intact CT. The RGD-conteining peptides were 
added at a final concentration of 1 mg/ml. The mAb JG22 was added et a final 
concemration of 50 //g/ml. A combination of each of the RGD-containing peptides 
and mAb JG22 were also incubated with the fibroblast and DRG calls. The cells and 
potential inhibitors were incubeted for 10 minutes at room temperature end then 
added to the sofid support. Rbroblast and DRG cells without inhibitors were elso 
added to the solid support. 

After incubation at 37'C In 5% CO, for 1 hour, the solid supports were 
washed three times in PBS with gentle swirting to remove unattached cells. The cells 
attached to the soPid support were fixed in 1 % (vM glutaraldehyde in PBS and 
viewed by phase contrast microscopy. The ettached cells were counted using a lOx 
objective and with an eyepiece reticle. CeUs were counted In four fields per adsoriied 
protein spot. Each protein was tested in three separate spots. The number of cells 
bound was expressed as the average of the twelve measurements ± the standard 
deviation. 

Results of the cell attachment inhibition assay to detennine the effect of RGD 
peptides end e P, mAb on the attachment of chicken fibroblasts and DRG cells to 
intact CT Indicate that both of the soluble RGD peptides tested, GRGDSP and 
GRGDTP, could only partially inhibit attachment to CT by 73% and 70%, respectively 
(Figure 2), JG22. a function-blocking monodonsi antibody against the P, integrin, 
caused a 22% decrease in cell attachment. Cell attachment activity was completely 
ebolished. however, when either RGD peptide end JG22 were added in combination. 
These results are consistent with previous studies showing that two integrin binding 
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sites exist on CT (Prieto et al., PNAS 90 : 10154-10158 (1993)). 

A further analysis of attachment of SL29 fibroblasts to intact CT/TN was 
conducted in the presence and absence of soluble GRGDTP peptide or the nnAb JG22 
to localize the site in CT/TN responsibia for interaction with P, imeerins. SL29 
5 fibroblasts bound well to CT/TN-coated substrates; this attachment was inWbited 

33% in the presence of 1 mg/ml GRGDTP peptide. Although antibody JG22 alone 
had little effect on fibroblast sttachment to CT/TN, the combination of this antibody 
with GRGDTP peptide resulted in complete inNbition of attachment to CT/TN. This 
suggests that intact CT/TN has at least two discrete integrin binding activities, one 

10 which is RGD-dependent but not integrin-mediated and one in which ^ integrin is 

involved but is not RGD-dependent. 

In studies to identify the specific regions witNn CT/TN that mediated the 
RGD-dependent and ^ integrin-deperulent responses to CT/TN, each of the fusion 
proteins spanning the entire length of the CT/TN protein was coated onto plastic 

15 dishes and cell attachment was quantitated in the presence of RGO-containing 

peptides and anti- p, integrin entibodies as inhibitors. Cells readily attached to 
CTfnS, CTfn5-6, and CTfg. but not to any of the other fusion proteins, including the 
differentially spliced region. A fibroblast attachment activity previously localized to 
the fourth through sixth FN type III repeats (Prieto et al.. UL. (19i93)) was more 

20 precisely localized within a fusion protein spaniung the fifth and sixth FN type III 

repeats. The arhount of protein bound to the substrate was measured as described 
previously herein so that equimoler amounts of protein were bound to the substrate 
for these comparative assays. When soluble GRGDTP peptide was added before 
plating the cells, .attachment to CTfnS was completely inhibited, while attachment to 

25 CTfn5-6 and CTfg was unaffected. Monoclonal antibody JG22 inhibited binding to 

CTf n5-6 by 77% but had no effect oh attachment to CTfn3 arid only a slight effect 
on attachment to CTfg. When the fifth and sixth FN type III repeats were generated 
as separate fusion proteins, the fibroblast attaichment activity was localized to the 
sixth repeat and no cell attachment was observed to the fifth repeat (not shown). 

30 The sixth repeat was therefore used in subsequent studies. 

The cell attachment inhibition assay was repeated as described ebove but 
using ell of the CT :GST fusion proteins in place of intact CT for the preparation of 
the solid support as described in Example 1 . 

When chicken fibroblast and ORG call attachment to surfaces coated with 

35 each of the CT:GST fusion proteins at the same molar concenuation was compared, 

differences were observed among the different inhibitors. While soluble 6RGDSP 
peptide completely inhibited attachment to CTfnS. attachment to CTfn6 was only 
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partially inhibited and attachmant to CTfg was unaffected. In contrast. GRGDTP 
peptide selectively inhibited attachmant to CTfn3 but was not affective at Inhibiting 
ceil attachmant to CTfnB. GRGDTP peptide has been shown previously to inhibit 
binding to collagen I while GRGDSP had no effect {Dedhar at ai., J. Cell Bini 19 4. 
5 585-593(1987)}. The monoclonal antibody JG22 only affected cell attachmant to 

Ctfne. 

These results suggest that two separate integrin receptors mediate cell 
attachment to both CTfn3 and CTfn6. Call attachment to CTfn3 is selectively 
inhibited by an RGD-contalning peptide variant which had previously been shown to 

10 have altered specificity. In addition, one site for p, integrin binding in CT is localized 

to the sixth fibronectin type III repeat. 

While neither the GRGDTP peptide nor the JG22 MAb could completely 
inhibit cell attachment to intact CT, a combination of the two abolished all 
attachment activity, suggesting that the receptors that bind CTfn3 arid CTfn6 can 

15 also bind the intact molecule (Rgure 2>. 

To determine whether the same fragments that supported fibroblast 
attachment also support attachment of neurons, two primary neuronal cell tvpM 
were tested for attachment to CT/TN and CT/TN fragments in the presence and 
absence of mAb JG22. Since CT/TN has previously been shown to increase neurite 

20 elongation of neurons from both the PNS and CNS, we tested the attachment of 

neurons from chicle dorsal root ganglia and chick forebrain as examples of each 
neuronal type. As was observed for fibroblasts, only three fragments - CTfn3. 
CTfn6, and CTfg - were able to support DRG neuron attachmant (not shown). 
Whereas the three fragments appeared to be equivalent for fibroblast attachmant, 

25 fewer DRG cells attached to CTfn3 compared to CTfnQ and CTfg. When DRG cells 

were preincubated with JG22, attachment to CTfnG was InMbited by .38%. A 
decrease in attachment to CTfg (19%) was also observed but attachment to CTfn3 
was completely unaffected by this sntibody. Attachment to intact CT/TN was 
inhibited 40% in the presence of JG22. Thus, it appears that DRG neurons bind to 

30 the same three sites in CT/TN as do fibroblasts. 

D. DRG Neurite Outorowth on CTfn3. CTfnS. and CTfg 
In order to assess the effect ot the cell binding regions of CT/TN on the 
outgrowth of neurites from PNS neurons, DRG ceils were cultured for 40 hours on 
popylysine. CTfn3, CTfnB. CTfg. and CTfnS-tTTfnS mixed substrates. The cultures 

35 were then fixed and the cell and neurite morphology was analyzed by phase contrast 

microscopy. The cells were plated on plastic substrates coated with the same 
concentrations of CT/TN and fusion proteins used in the attachment assay. 
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All of the cell binding regions of CT/TN supported some level of neurite 
outgrowtti from these cells, but their effects were not identical (data not shown). 
DRG cells plated on CTfn3 showed long fasciculated processes and cell bodies that 
tended to aggregate, compared with ceUs plated on polylysine, which showed a basal 
level of outgrowth as did cells plated on CTfg. Occasionally, an isolated neuron with 
long processes was found on CTfn3, but neurons on this substrate were generafly 
clumped together. In contrast, CTfn6 supported the outgrowth of moderately long 
neurites from cell bodies that were more isolated. When DRG ceOs were plated on a 
mbced substrate of CTfnS and CTfn6, however, a much more elaborate network of 
neurites was formed. On this substrate, eeU bodies remained even more isolated 
when compared to neurons plated on either Ctfn3 or CTfn6. On CTfn3-CTfn8 mixed 
substrates, or substrates plated with the Ctfn3/6 constmct. the neurites appeared to 
be much longer and less fasciculated than neurites on CTfn3 or CTfnB alone. 

This extensive neurite outgrowth after 40 hours made quantitation of the 
percentage of neurite-bearing cells and neurite length difficult. To analyze 
quantitatively the effect of CT/TN fusion proteins on DRG neurite outgrowth. DRG 
cells were therefore plated at low density on CT/TN or CT/TN fragments and 
analyzed after 15 hours in culture for the percentage of cells that sprouted neurites 
greater than one cell diameter and for the everage neurite length per neuron. These 
conditions enhanced the number of isolated cells end discouraged the cell-cell 
interactions and fasciculation that occurred in the long-term cultures. On GST 
control substrates, a few cells per field remained bound after fixation in long-term 
culture, although no cells attached to this protein in the short-term attachment 
assays (not shown). No neurite-bearing cells were ever found on GST substrates. 

DRG cells plated on CT/TN fragments CTegf. CTfn1-2. CTfn4. CTfnS, CTspl, 
and CTfn7-8 also did not extend neurites and were indistinguishable from cells plated 
on the GST control (data not shown). In contrast, fragments CTfn3. CTfnS, and 
CTfg showed distinct effects on neurite promotion. As illustrated in Table 4. the 
percentage of neurite-bearing CRG cells plated on cff n3 and CTfg was comparable 
to the number on polylysine-coated substrates. In contrast, on CTfn6-coated 
substrates the number of neurite bearing cells was 82% greater than on the 
polyiysine control substrate. When neurons were plated on an equimolar mixture of 
CTfnS end CTfnS. almost 50% of the cells grew long neurites. s 188% increase over 
polylysine. DRG cells plated on intact CT/TN (see Table 4) also showed a high level 
of cells that sprouted neurites (30%). which was comparable to that on CTfnS- 
coated substrates. 
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TaU* 4 

n iiMiinn nf Hn i tri- ""'^ ''^»^''"" 

r-P» Tvbe 



ORG 



PU. 

CTfn3 

CTfn6 

CTIfl 

CTfn3+6 

CT/TN 

PLL 

CTfn3 

CTfn6 

CTfg 

CTfn3 + 6 

CT/TN 



17 ± 2 
12 ± 2 
31 ± 2«** 

8 ± 3 
49 ± 4»*« 

30 ± 3»»» 

3.2 ± 0.6 

0 

8.7 ± 1.9' 
2.2 ± 0-5 
4.5 ± 0.4* 
0 



91 ± 38 
260 ± 141 
153 ± 124 
82 ± 23 
453 ± 160»»' 
332 ± 177*»» 
ND 



comparison of neurite outgrowth of ERG and forebrain neurons on CT/TN and 
CT/TN fragments. Neurite length is given In microns. Asterisk, denote 
activity significantly greater than polylyslne control: — - P<0.001: - - 
p<0.005; • = p<0.05. 

Th. ten,*, o. n.uH,.. »om ORG c-.. «n CTf»6 »«> CTf, w.r. 

.,^„c.n«, te,«.r .h.n *o„ c poWW-".. «<«™'' "r^' 
.„ .M,., o. .ub«,«.s. A. .b»™«. .on^'-"™ CUHU,-- ««« Cn»^ 

.™, cr,„6 «... on .n. .... «. 'no " » ' 

«« w« ,r.«« .l»n «... o...n™- »n CT.n3 „ CT.n6 

«,.n ~»H,e. on CT,n3 -on. .n- -no« 6 ten,., «..n n»m» on 

the polylysine control. 

R.p„..n..«v. n,orph.,o,te. 0. ORG n.„,.n. d.n»n«,... «. 
«„.™nc° in n.uH,. ten,* «.«..n ORG n.u-on. on po„-,«n. CT^ 
n«.on. on CT,n3 .nd Ct,n6 n.,x.d —"I"" 

„!.. on CT,n3 CT.nS .ub«,.t.., - oo ooMv..n.-co«.d 
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substratas (data not shown). Thia raautt contraats with tha ability of thasa aganta to 
Inhibit differantially tha short-term attachmant of ORG neurons and fibroblasts on 
Ctfn3 and CTfn6. Naverthelass. thasa exparimanta dearly show that CTfn3 and 
CTfn6 have different naurite promoting aetlvitlas; one enhancea neuronal sprouting 
and tha other enhances naurite elongation. When combined (either via mbdng on 
substrates or combined Into a single constniet. a.g., CTfn3/6), they stimulate a 
significant Increase both In the percentage of neurlte-bearing ceUs and in naurite 
elongation. ■ . . 

E. CNS Nflurlra Qutorowth on CTfTN. CTfna mr^rt rrfnfi 
To investigata whether CMS neurons could also extend neurites on CT/TN 
and CtfTN fragments, neurons from chick forebrain ware plated at low density on 
CT/TN, CT/TN fragments and poiytysins, and analyzed for naurite outgrowth after a 7 
hour growth period (a time period found to be optimal for stable neurits outgrowth 
from these cells). Quantitation of the percentage of forebrain cells with neurites in 
respnose to CT/TN snd CT/TN fragments is given in Table 4 above. The lengths of 
neurites on substrates thst supported sprouting were essentially the same for the 
forebrain neurons and were therefore not quantitated further. Substrstas coated 
with CTfn6 or a mixture of CTfn3 and CTfn6 supported a significant increase In the 
number of calls sprouting neurites over the poiylyslne control. The percentege of 
cells with neurites on CTfg was not significsntly different from that of the polylyaine 
control. CTfn3 did not support forebrain cell attachment and therefore also had no 
effect on neurite outgrowth. Intact CT/TN supported a low l^vel of attachment of 
forebrain calls after the seven hour growth period, but did not support sprouting of 
neurites. We concluded that CTf n6 promotes attachment and neurite outgrowth 
from forebrain neurons, but that unbka DRG neurons, naurite extension from 
forebrain neurons shows no synergistic affect on mixtures of CTfn3 and CTfn6. 
Exompla 6 
Nfluritft Oiitornwth A««.^y'' 
A. Descrintinn of Adhasinn Prnt*.in« 

The proteins used in tha neurite outgrowth assays are the same as those 
used in the cell attachment assays. Even those CT:GST fusion proteins which did 
not exhibit significsnt cell attachment activity were examined in the neurite 
outgrowth essays. In addition, poly-L-lysina was adsorbed to the solid support. 
Poly-L-lysine CPU.) has been shown to promote cell attachment of various cell types 
and is suitable for use in short-term assays, such as those described herein, to 
determine the basal level of neurite outgrowth. Any ceils adhering to the solid 
support were examined for sprouting and neurite length as defined herein. 
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B. pruniinrtion of the Protflins Adaorbfld to thfl Solid Support 

Proteins used in the neurha outgrowth assays were prepared as described in 
Example An additional adhesion molecule, poly-L-i\^ne, which haa been 

shown to promote cell attachment of various types of cells was also prepared as 
described in Example 5 and used to coat the solid support. 

C. Twft-rHm«h«innal Natirtte Outgrowth Assays 

Dorsal root ganglia (ORG) from day 6 chicken embryoa were prepared as 
described in Example 6.A.4. For tlM neurits outgrowth assays, the DRG were 
resuspended st a density of 2 x 10* ceils/ml in 1 % medium, added to solid support, 
and placed at 37*C in 5% CO, for IS hours. After tiM attachment and growth 
period, the dishes were gemly rinsed with PBS to remove unbound cells, fixed with 
1 % (v/v) glutaraldehyda, and viewed by phase contrast microscopy. Ten to thirty 
cells were analyzed for each adsorbed protein spot. Cells were judged es neurite- 
bearing if the length of the processes wars grester than one cell diameter. All cells 
with neurites were photogrsphed with a 40x objective and the total neurite length 
per neurite-bearing cell was derived from the prints. The percent of cells thst were 
sprouting and the average neurite length was derived from six and three independent 
experiments, respectively. Results are shown in Table 5 and illustrated in Figures 3A 
end 3B, respectively. 

Tables 

Adhesion Percent Sprouting Neurite Length <in 



17 ± 2 91 ± 38 

CTfn3 12 ± 2 260 ± 141 

CTfnS 31 ± 2««« 154 ± 124 

CTfg 8 ± 3 83 i 23 

CTfn3 + CTfnS 49 ± 4»«« 453 ± ^60•^^ 

CT 30 ± 3 332 ± 177«»» 

The asterislcs denote sctivity, which is significantly greater than poly-L-iysine,- 
wherein: • • signifies that p» 0.005 and • • • signifies that p =0.001 . 



About S0% of the ORG pleted on CT showed neurites greater than one cell 
35 diameter. Approximately 10-15 cells per dot erea remained bound after fixation of 
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cells anached to GST adsorbed to the solid support. This background attachment of 
cells to GST is presumably due to the low levels of serum present in the plating 
medium. Despite the low level attachment of ORG cells to the GST-coated solid 
support, neurite-bearing cells were not found on the GST-coated solid support. ORG 
5 cells plated on CT:GST fusion proteins CTegf, CTfn1-2, CTfn4. CTfn5, CTspl, and 

CTfn7-8 were all indistinguishable from the GST control. In contrast, CT :GST fusion 
proteins CTfn3, CTfnB and CTfg did show neurite promoting activity. 

■ As shown in Rgure 3A and Table 5, ORG cells plated on CTfn3 and CTfg 
gave a percentage of neurite-bearing cells comparable to the poly-L-lysine-coated 

10 solid support. In contrast, neurons plated on CTfn6-coated solid support showed a 

57% increase in the number of neurite-bearing cells over poly-L-lysine. When 
neurons were plated on an equtmolar mixture of CTf n3 and CTfn6, almost 50% of 
the cells grew long neurites. Although CTfn3 did not promote additional neurite 
sprouting above that of poly-L-lysine. the neurites that did form were 3 times longer 

15 then those of poly-L-lysina. Neurite lengths on CTfn6 and CTfg were statistically 

indistinguishable from those of poly-L-lysine. When CTfn3 and CTfn6 were combined 
on the same spot on the solid support, a dramatic increase in neurite length was 
observed. The average neurite length on CTfn3+CTfn6 was 1 .7 times longer than 
that of neurites on CTf n3 alone and almost 5 times longer that neurites on the poly- 

20 L-lysine. Thus, both CTfn3 and CTfn6 have individual neurite promoting activhies. 

and when combined, result in a synergistic increase in neurits iolongation. 

Herein described is a fusion protein which spans the sixth fibronectin repeat 
(CTfn6) which supports both fibroblast and neuronal cell attachment. This 
attachment is mediated by the bind of CTfn6 to e integrin. All of the CT 

25 fragments' prepared in this invention were tested for their abUity to support neurite 

outgrowth. The CTfn6-coated solid support promoted an increase in neurite 
outgrowth over poly-L-lysine as demonstrated by both the percentage of neurite- 
bearing cells and in the total neurite length per cell. While the percentage of nourite- 
beiaring cells on CTfn3-coated solid supports was the same as on poly-L-lysine, total 

30 neurite length per neurite-bearing cell was longer on CTfn3-coeted solid support than 

on poly-L-lyslne or CTfnB-coeted solid supports (Table 5 and Rgures 3A and 3B). 
None of the other fragments demonstrated any significant neurite-promoting activity 
in this assay. 

When neurons were plated on a solid support coated with a mixture of CTfn3 
35 and CTfn6, a dramatic increese in both percent sprouting and neurite length was 

observed, which more closely resembled the activity of intact CT. These results 
suggest that different sites in CT mediate specific cell binding activities through 
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distinct cell surface receptors. In combination, these sites can generate enhanced 
cenulsr responses, such as the promotion of neurite outgrowth, which may account 
for the activity of the Intact molecule. 

Example 7 

Inhibition nf Nfttfrifn Outgrowth hv Fuaion Prnt..in« ,nri Mn,.«,;|n n «l Ant}hr.^| ftff 

Additional confirmation of the ability of CTfn3 and CTfn6 to promote call 
attachment and neurite outgrowth, as defined herein, can be determined by the use 
of mAbs which immunoreact with CTfn3 and CTfn6 and blocic these functions. 
Examples of such mAbs have been described in Section E arid Example 2. Inhibition 
of cell attachment and neurite outgrowth In the presence of mAbs that immunoreact 
with CTfnS and CTfn6 can also be demonstiated in the presence of soluble CTfnS 
and CTfn6, 

A. Competition Binding Assay Using Monorionni Antih»Hio« with rrfna n nfl 
CTfng In Sniifl Phnrm 

A method which can be used to confirm the ability of CTfn3 and CTfn6 to 
promote cell attachment and neurite outgrowth is one which either or both CTfn3 
and CTf n6 are bound In the solid phase. The regions of these fragments that 
pronitote attachment of cells and their subsequent neurite outgrowth are then 
immunoreacted with mAbs. The formation of an immunoreactivs complex between 
CTfn3 and CTfn6 and their respective mAbs Inhibits cell attachment and neurite 
outgrowth. 

1. Purification of MonnHnnal Antthnrfy 

The mAbs which Immunoreact with CTfn3 and CTfnS have been described In 
Example 2. Such mAbs for use in the herein described inhibition assays can be 
purified by various methods including those described in Example 2. 

2. Inhibhion of Neurite Outgrowth Fi. gjon ProtAin« 

The method of demonstrating inhibition of cell attachment to CTfn3 and 
CTfne In the presence of soluble CTfn3 and CTfn6 is similar to that described in 
Example 5.C. for inhibition cell attachment with soluble RGO peptides. The Inhibition 
of neurite outgrowth is determined in the same manner as the neurite outgrowth 
assays described in Example 6.C.. however, the assay is performed in the presence 
of the potential inhibitors of neurite outgrowth, soluble CTfn3 and CTfn6. 

The solid supports are prepared by immobilizing CT:GST fusion proteins to 
polystyrene dishes. Single cell suspensions of neurohel cells are prepared as 
described in Exemple 5.A.4. end incubated with either soluble CTfnS or CTfnS. If 
the soluble CTfn3 has interacted with the site on the neuronal cell which mediates 
attachment of the cell to the immobilized CTfn3. the presence of the CTfn3 will 



. WO96A0SS13 



PCT/DS95/11684 



-91- 

block th« ceU attachment site and thereby Inhibit cell attachment to the Immobilized 
CTfn3. The inhibition assay may also be perfonned with soluble CTfn6 in the same 
manner to confinn that the soluble CTfn6 has bloclced the cell attachment site on the 
neuronal cell and Inhibits neuronal ceil attachment to Immobifized CTfnB. 

To demonstrate inhibition of cell attachment to immobilized CT:GST fusion 
proteins in the presence of the soluble CT:GST fusion protein. soFid supports and 
cells ere prepared as described In Examples 5^.2. and 6.A.B.. respectively. Prior to 
Incubation with proteins or adhesion molecules adhered to a soUd support, neuronal 
cells are incubated a concentration of soluble CTfn3 which Is sufficient to saturate all 
of the CTfna binding sites on the neuronal cell. A preferred concentration of soluble 
CTfna Is from about 1 to 10 mg/ml. The cells are incubated in the presence of 
soluble CTfna for a period of time which is sufficient for the binding reaction of the 
soluble CTfna to the binding site on the neuronal cell to occur. A preferred amount 
of time is from about 10 to 60 minutes. The neuronal cells which have bound to the 
soluble CTfna are then incubated in the presence of a solid support with immobilized 
CTfna for an amoum of time which is adequate for cell attachment and neurite 
outgrowth to occur. A preferred amount of incubated time is from about 15 to ao 
hours. After the attachment and growth period, the number of cell attached, the 
number of cells sprouting, and the length of the neurites is detennined as described 
In Example 6.C. The assay may also be performed with other soluble proteins, such 
as CTfnB, to determine their affect on cell attachment and subsequent neurite 
outgrowth. 

The effect of soluble CTf n3 and any other soluble protein, such as CTfn6. or 
adhesion molecule, such as poly-L-lysine. on cell attachment end neurite outgrowth 
on e sond support can thus be detennined using the methods herein described. 

3. hhlbition of NwrltB Outnrnwth hv AnTjhfTfjjftf, 

The method of demonstrating inhibition of cell attachment to CTfna end 
CTf n6 In the presence of mAbs wWch Immunoreact with CTf n3 and CTfnB is similar 
to that described In Example 5.C. for Inhibition of cell attachment with the mAb 
JG22. The inhibition of neurite outgrowth is detennined In the same manner as the 
neurite outgrowth assays described In Example 6.C., however, the assay is 
performed in the presence of potential inhibitors of neurite outgrowth. 

The solid support is prepared by immobilizing CT:GST fusion proteins to 
polystyrene dishes. The solid support is then incubated in the presence of the mAbs 
which Immunoreact with the CTfn3 or CTfnB fusion proteins. The mAb which 
immunoreacts with CTfn3, as described in Example 2. and the CTfn3 fusion protein 
Immobilized on the dish form an immunoreaction product. Single ceU suspensions of 
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neurbnal calls are then incubated with the immunoreaction products. If the mAb has 
Immunoreacted with the site on CTf n3 which the coll attaches to, the presence of 
the mAb will Wock the cell attachment site and thereby inhibit ceU attachment to the 
immobilized CTf n3. The inhibition assay may also be perfonned with a mAb which 
5 immunoreacts with CTfn6 In the same manner to confinn that the mAb 

immunoreacts with the site on CTfnB which mediates cell attachment to CTfn6. 

To demonstrate Inhibition of cell attachment to immobilized CT:GST fusion 
proteins in the presence of mAbs wWch Immunoreact %«th CTf n3 or CTf n6, solid 
supportt and cells are prepared as described In Examples 5 and S.A.B.. 
LO respectively. The solid support is then incubated with a concentration of mAb. from 

about 50 to s60uQhn\. which is sufficient to Immunoreact with aU of the CTfnS 
fusion proteins which form the neuronal caH binding sites. The solid support is 
incubated in the presence of the mAb for a period of time, from about 10 to 60 
minutes, which is sufficient for the Immunoreaction reaction of the CTfn3 and mAb 
15 to occur. The solid support which has bound to the mAb is then incubated with a 

single cell suspension of neuronal cells for about 15 to 30 hours, an amount of time 
which is adequate for cell attachment and neurfte outgrowth to occur. After the 
attachment and growth period, the number of cell atuched. the number of cells 
sprouting, and the length of the neurttes Is determined as described In Example 6.C. 
20 The assay may also be performed whh mAbs which are immunoreactive with 

other CT proteins, such as CTf n6, to determine the affect of the mAb on cell 
attachment and subsequent neurite outgrowth. 

The effect of mAbs wWch immunoreact with CTfn3 and any other soluble 
protein, such as CTfnB. on cell attachmem and neurite outgrowth on solid supports 
25 can thus be determined uting the methods hiarein described. 

Example 8 
|mmunoas»| f«Y« th DiBtact CT 
The concenuation of CT in a sample can be determined by an immunoassay 
wherein a mAb which is immunoreactive withCT is in the solid phase. 
30 A. pi ISA with Antl-CT in Solid Phasfl 

The mAbs which immunoreact with CTfn3 and CTfnB as described In 
Example 2 can also be used to detemiine the concentration of CT in a given sample 
by EUSA. For this assay, individual wells of a microther plate (Coster 3890) are 
incubated overnight at 4*C with 25 of 1 hqM mAb prepared as described In 
3 5 Example 2 In PBS to allow the mAb to adhere to the walls of the microtiter wells. 

The wells are washed with water and blocked by completely fiUing the weU with 3% 
(wM bovine serum elbumin (BSA) in phosphate buffered saline (PBS) and maimaining 
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the plate at 37*C for one hour. After the blocking solution is shaken out, 50 fji oi 
the sample containing an unknown concentration of CT is admixed to each well, and 
the plate is maintained for two hours at 37*C to allow the formation of 
immunoreaetion products between the immoUlized mAb and CT. Following the 
5 maintenance period, the wells are washed ten times with PBS-Tween 20 to remove 

unbound CT and then maintained with a 25 of a 1:500 dilution of a secondary Ab 
which immunoreacts with CT and incubated again at 37'C for 2 hours. The second 
antibody is a polyclonal antibody which has been prepared in go«t and forms an 
immunoreaetion product with CT. After the incubation period, the wells era washed 

10 ten times with reS-Tween 20 to remove any unbound Ab and then incubated in with 

a 1:500 dilution of a secondary rabbit anti-gdat IgG conjugated to alkaline 
phosphatase diluted in PBS and containing 1 % BSA. The secondary rabbit anti-goat 
IgG does not detect the antibody, prepared as described in Example 2, which is 
adsorbed to the dish in the first step. The -wells are maintained, at 37*C for one hour 

15 after which the wells are wasfied ten times wKh water followed by color 

development with 50 of p-nitrophenyt phosphate (PNPP). Color development is 
monitored at 405 r^m to measure the amount of bound secondary rabbit anti-goat IgG 
antibody. 

B. ImmunohistQchemistrv with Anti-CT 

20 The mAbs of this invention wNch immunoreact with CTfn3 and CTfn6 can 

also be used to directly detect expresson of CT in tissues by immunohistochemistry. 
For immunohistochemistry, tissues are generally treated with a suitable fixative, for 
example paraformaldehyde, to preserve the morphotogy of the tissue, the tissue is 
then cryoprotected with sucrose, and frozen. The tissues are thinly sliced while still 

25 frozen using a cryOstat and placed on micrbacope alides. Tissue sections are reacted 

with a mAb which specifically detects the presence of e given antigen, such as CT, 
and the reaction is visuaHzed by the use of a secondary antibody which is attached 
to a label, such ss alkaline phosphatase. Altemetively, the mAb which immunoreacts 
with CT can be labeled directly. 

30 CT expression at various developmental stages can be studied by examining 

animals at different ages. The use of immunohistochemical methods offers the 
advantage of being able to visualize the cell types within a given tissue which 
Interact with CT and the effect of CT on their attachment and neurite outgrowth. 
The neuronal cell types can be identified by specific reactivity with mAbs, for 

35 example, astrocytes can be Identified by inwnunoreactivity with mAbs to glial fibrillary 

acidic protein (GFAP). The specifically reacted tissues are then visualized by 
fluorescent microscopy. When high resolution visualization of the tissues is desired. 
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the tissues can be >Hsualized by electron microscopy by the introduction of venations 
in the tissue preparation procedure. 

Neonatal and adult animals are deeply anesthetized with an overdose of 
chloral hydrate and perfused with 4% paraformaldahyde. The tissues are then 
5 postfixed for 4 hours in the same fucative and cryoprotected with sucrose. Ten- 

micrometer sections are cut on a cryostat and thawed onto gelatin-coated 
microscope slides. Sections are then incubated with one either the mAb which 
Immunoreacts with CTfn3 or CTf n6 in PBS oyemight which has been diluted 1 :200 in 
PBS. Sections can be double-labeled with mouse anti-GFAP (iCN immunoBiologicals) 
10 at a dilution of 1 MOO in PBS to specifically label astrocytes. 

After the incubation, the primary antibody is removed by careful washing 
with PBS and the sections are incubated with a biotinylated goat anti-mouse igG at a 
dilution of 1:100 for 1 hour. The sections are then carefully washed with PBS to 
remove the secondary antibody and then incubated for 30 minutes in strepavidin 
15 conjugated with a 1:100 dilution of Texas red (Amersham). The sections are rinsed 

and coverslipped in Citifluor (CItifluor Ltd.) and viewed by fluorescent microscopy. 
Example 9 

Stimulfltifln of Nfluritt Outgrowth t?Y AntHdiowpic 
Monodonal Antibodioa 

20 Anti-ldiotypic entibodies can be used in place of CTfnS and CTfn6 in the use 

of this invention because the CTfn3 and CTfn6 anti-idiotypic antibodies mimic the 
function of. CTfnS and CTfn6. respectively. For example, the anti-idiotypic antibodies 
can be used for therapeutic applications and offer an advantage over the In vivo use 
of the CTfnS and CTfn6 polypeptides due to their long half-life in vivo. Such 

25 therapeutic applications include the stimulation of cell attachment and subsequent 

neurite outgrowth. 

A. romnnthion Binding Assav Usina Monoclonal Antibodies in Solid Phase 

The applicability of the use of anti-idiotypic mAbs to sti'mulate cell 
attachment and neurite outgrowth can be assessed in an in vitro assay in which the 
30 anti-idiotypic mAbs are used in the solid phase to promote cell attachment and 

neurite outgrowth. 

1. Purification of Monoclonal Antibody 

The anti-idiotypic mAbs are first prepared and purified by the methods 
described in Example 4. 
35 2. Stim.ilBtion of Naurite Qutorowth bv Antl-ldiotvoic Antibodies 

The neurite outgrowth assay can be performed essentielly as described in 
Example B.C. by substituting the CTfnS and CTfn6 fusion proteins with the CTfn3 
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and CTfn6 anti-idiotypic mAbs in tha solid phase. A combination of both CTfn3 and 
CTfn6 anti-idiotYpic mAbs may also be advantageous and demonstrate a synergistic 
effect as seen with a combination of the CTfn3 and Ctfn6 fusion protein described in 
Example S.B. 

5 Solid supports, comprising a circular array of CTfn3 and CTfn6 anti-ldiotypic 

mAbs bound to a dish either separately or together, are prepared as follows for cell 
attachment and the stimulation of neurite outgrowth assay. Non tissue-culture 
treated polystyrene dishes (Falcon 1008) are spotted with 2iul of a 1 mg/ml solution 
of mAb in PBS for 30 minutes to coat a specific area on the dish with the mAb. 
After the mAb has adsorbed to the soPid support, the central portion of ttte dish is 
washed once with 250 fA of 20% {wM BSA in PBS. Non-specific binding sites on 
the dish are then blocked with 250 jA of 20% (w/v) BSA in PBS by incubation for 2 
to 3 hours at room temperature. 

Neuronal cells to be assayed for cell attachment and stimulation of neurite 
outgrowth in the presence of the mAbs are prepared as described in Example 5.A.4. 
The ORG are resuspended at a density of 2 x 10* cells/ml in 1% medium, added to 
solid supports coated with proteins or adhesion molecules, end placed at 37*C in 5% 
CO2 for 1 5 hours. After the attachment end growth period, the solid supports are 
gently rinsed with PBS to remove unbound cells, fixed with 1 % ivN) glutaraldehyde, 
end viewed by phase contrast microscopy. Ten to thirty cells are analyzed for each 
protein or adhesion molecule spot. Ceils are judged as neurite-bearing if tha length of 
the processes are greater than one cell diameter. All cells with neurites are 
photographed with a 40x objective and the total neurite length per neurite-bearing 
cell is derived from the prints. Thus, the abBity of the CTfn3 and CTfn6 anti-idiotypic 
mAbs can be assessed by an vHro assay as described herein. 

Exampla 10 
Pfomotion of Call Adhesion and Soreadino 
The ebility of CT and CT polypeptides to promote cell adhesion and spreading 
was detennined essentially as follows. To confirm that at least some portion of CT 
binds to imegrins. cell adhesion experiments were performed on surf sees coated with 
control proteins or with various CT polypeptides or protein. 

Cell attachment assays were performed essentially as follows. The chicken 
fibroblast can line SL29 was grown to confluence in DMEM with 10% PCS and 
penicillin/streptomycin. The cells were passaged the night before the assay and 
seeded at a density of 1:2. Cells were hen/ested In calcium, magnesium free Hank's 
balanced salt solution (CMF-HBSS) with 20mM Hepes buffer and 5mM EDTA added. 
The cells were then washed in attachmem buffer (CMF-HBSS, lOmM Hepes, ImM 
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CaCI2. ImM MgCI2. 0.1 mM Mna2, 2% BSA) three times, counted in a 
hemocytomoter, resuspended to a density of 6 x 105 cells/ml. Dorsal root ganglion 
(ORG) neurons were prepared for ettachnHJnt essays ss described in Example 5, but 
were washed and resuspended at a density of 6 x 10» cells/ml in attachment buffer. 
InNbitbra of attachment were added at this time. 

To some samples GRGDSP (SEQ ID NO 1 1) or GRGDTP (SEQ ID NO 12) 
peptide was added at a concentration of Img/ml. The RGD sequence is capable of 
mediating cell adhesion via specific members of a f amDy of heterodimeric cell surface 
receptors, termed integrins (Cheresh and Spiro, J. Biol. Chnm 17703.1771 1 
(1987); Hynes. CaLfia: 11-25 (1992)). Integrins which recognize the RGD motif 
include a,B„ a»B,. and most. If not all, Oy Integrins, including OyB, and OyB,. 

Monoclonal antibody JG22 was added at a final concentration of 5Q><g/ml 
where Indicated. The cells were incubated with inhibitors for 10 minutes at room 
temperature, then edded to the substrates. After incubetion at 37'C. 5% CO, for 1 
hour, the dishes were washed three times in PBS with gentle awiriing, fixed in 1 % 
glutaraldehyde/PBS, end viewed by phase contrast microscopy. Bound cells were 
counted using a 10 X objective and an eyepiece reticle. Cells were counted In four 
fields per dot. 

Each substrate protein was tested in triplicate. The number of cells bound for 
each protein or polypeptide substrste was expressed as the averege of the twelve 
measurements +/- standard deviation. 

CJ. coated at a concentration of 20 pg/ml. was used as a protein substrate 
for SL29 fibroblast attachment. The fibroblasts readily attached to the CT-coated 
substrate (not shown). 

To determine which domains of cytotactin mediate the individual attachment 
activities, fusion proteins spanning the entire length of the molecule were generated 
and tested for cell attachment activity. Fragments of CT were generated using the 
pGEX fusion protein system, as described in Example 1 heroin, and were analyzed by 
SDS-PAGE. Fregments identified herein as CTfnS. CTfn6, and CTfg, when coated on 
plastic at 0.75 fM concentration, supported robust SL29 cell attachment. Both 
robust attachment and spreading of cells was observed on the CTfnS substrate. 
Robust cell ettachment. but little or no spreading, was observed on both the CTf n6 
and CTfg substrates. 

GST (conuol) and cytotactin fragments identified herein as CTegf, CTfn1-2. 
CTfn4, CTfn5, and Ctfn7-8, when coated on plastic at three times the concentration • 
used for the CTfnS, CTf n6, and CTfg fragments, did not display any significant 
alttiachment activity (less that 1 cell per field). 
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Although plastic was used as a solid support (or substrate) to which the 
protein^olypaptide substrates were attached (or upon which they were coated). It 
should be appreciated that a variety of substrates are useful soQd supports upon 
which CT proteins or peptides may be coated. For example, glass, synthetic resin 
5 fiber (e.g., nitrocellulose, polyester, polyethylene, and the like), agarose, long-chain 

polysaccharides, and similar substances may appropriately be used as solid supports 
or substrates. 

Next, in order to determine the nature of the receptors mediating attachment 
to CT, specific Inltibitors of attachment, including RGD-containing peptides of 

10 differing specificities, were added to the cells before plating on CT. Both soluble 

GRGDSP (SEQ ID NO 1 1) or GRGDTP (SEQ ID NO 12) peptides could partially inhibit 
attachment to CT by 73% and 70%, respecthrely. 

JG22, a function-bloclcing monoclonal antibody against B, imegrin, caused a 
22% decrease in attachment when added before plating. Attachment activity was 

15 completely abolished, however, when both RGD peptides and JG22 were added. 

These results are consistent with previous reports suggesting that two imegrin 
binding sites exist on CT. 

To determine which receptors are involved in cellular attachment to 
cytotactin fragments, the same inhibitors of attachment used for intact CT were 

20 added to the cells before plating on the above-noted CT fragments. While soluble 

GRGDSP (SEQ ID NO 1 1) peptide completely Inhibited attachment to CTfn3, 
attachment to CTfn6 was only partiafly inhibited and attachment to CTfg was 
unaffected. In contrast, GRGDTP peptide (SEQ ID NO 12) selectively inhibited 
attachment to CTfnS but was ineffective against CTfn6. GRGDTP peptide (SEQ ID 

25 NO 12) has been shown previously to inhibit binding to collagen I while GRGDSP 

(SEQ ID NO 1 1) generally has no effect (Hynes, Cell 69 : 1 1-25 (1992)). 

Our results indicated that soluble RGD-comaining peptides completely 
inhibited attachment to CTfnS. The synthetic hexapeptide GRGDSP - but not 
GRGDTP - could inhibit attachment to CTfn6. The function-blocking anti-B, integrin 

30 monoclonal antibody, JG22, inhibited attachment to CTfnS while having no effect on 

attachment to CTfn3 or CTfg. While neither RGD-containing peptides nor the JG22 
monoclonal antibody could completely inhibit attachment to intact CT, a combination 
of the two abolished all attachment activity, suggesting that the receptors that bind 
to CTfnS and CTfnS can also bind to the intact molecule. 

35 Monoclonal antibody JG22 only affected attachment to CTfnS. The ebove 

results suggest that two separate integrin receptors mediate SL29 attachment to 
both CTfnS and CTfnS. Attachment to CTInZ is selectively inhibitable by an RGD- 
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contalnina peptide variant previously shown to have altered specificity, in addiUon 
one site for B, Integrin binding In CT is localized to the sixth fibriinectin type III 
repeat. 

Our data indicate that the third type III (CTfn3) repeat can mediate RGD- 
5 dependent cell attachment via integrins 0,8, and Wnding to a 8, integrin was 

observed for the whole molecule but It. binding site was not detemilned. The results 
presented herein identify the domains of CT that relate to CT binding to a, integrins 
which are Important In neurite outgrowth promotion. A fusion protein spanning the 
sixth fibronectin repeat {Ctfn6) was found to support fibroblast and neuronal cell 
10 attachment; this attachmem was mediated by binding to a B, Integrin. In addition, 

chicle fibroblasts and dorsal root ganglion neurons attached well to CTfn3 and CTfg. 

The foregoing specification, including the specific embodiments and 
examples, is intended to be illustrative of the present Invantioa and is not to be taken 
15 as limiting. Numerous other variations and modifications can be effected without 

departing from the true spirit and scope of the present invention. 
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SEQUEKCE LISTING 



(1) GENERAL INFOItMATION: 

(1) APPLICANT: THE SC3UPPS RESEARCH ZHSTrttTTE 

(ii) TITLE OF INVENTION: CyTOTACTIN DERIVATIVES THAT STIMOLATB 
ATTACHMENT AND NEDRITE OOTGROWTH, AND METHODS OF MAKING 
AND nSINQ SAME 

(lii) NUMBER OF SEQUBNCBiS: 28 

Uv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Tbe Scripps Research Instleute, Office of 

Patent Counsel 

(B) STREET: 10666 North Torrey Pines Road, TPC 8 

(C) CITY: La Jolla 

(D) STATE: CA 

(E) COUNTRY: 0SA 

(F) ZIP: 92037 

(v) COMPUTER READABLE FORM: 

(A) MEDIOH TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release «X.O, Version #1.25 

<vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: NO/US95/ 

(B) FILING DATE: 14-SEP-1995 

(C) CLASSIFICATION: 

(Vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/308,359 

(B) FILING DATE: 16-SBP-1994 

(Viii) ATTORNEY/AGENT INFORMATION: 
<A) NAME: Logan, April C. 

(B) REGISTRATION NUMBER: 33,950 

(C) REFERENCE/DOCKET NUMBER: 437.1 PC 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 619-554-2937 

(B) TELEFAX: 619-554-6312 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7286 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) HAME/KEY: CDS 

(B) LOCATION: 55. .6654 

(D) OTHER INPOHMATICai: /product- "cytotactin- 



(xi) SEQOKKCE DESCRIPTION: SEQ ID NO:l: 

GAATTCGCTA GAGCCCTAGA GCCCCAflCAG CACCCAGCCA AACCCACCTC CACC ATQ 

Met 
1 

QOa GCC ATO ACT CAQ CTG TTG GCA GGT GTC TTT CTT GCT TTC CTT GCC 
Gly Ala Met Thr Gin Leu Leu Ala Gly Val Phe Leu Ala Phe Leu Ala 
5 10 IS 

CTC GCT ACC GAA GGT GGG GTC CTC AAG AAA GTC ATC CGG CAC AAG CGA 
Leu Ala Thr Glu Gly Gly Val Leu Lye Lys Val He Arg Hia Lye Ara 
20 25 30 

CAG ACT GGG GTG AAC 6CC ACC CTO CCA GAA GAG AAC CAO CCA GTG GTG 
Gin Ser Gly Val Asn Ala Thr Leu Pro Qlu Glu Asn Gin Pro Val Val 
35 40 45 

TTT AAC CAC GTT TAC AAC ATC AAG CTG CCA GTG GGA TCC CAG TGT TCG 
Phe Aan Hia Val Tyr Aan He Lys Leu Pro Val Gly Ser Gin Cys Ser 
" 55 60 65 

GTG GAT CTG GAG TCA GCC AGT GGG GAG AAA GAC CTG GCA CCG CCT TCA 
Val Asp Leu Glu Ser Ala Ser Gly Glu Lya Asp Leu Ala Pro Pro Ser 
'° 75 80 

GAGCCCAGCGAAAGCrrTCAGGAOCACACAOTAGATQOOGAAAACCAG 
Glu Pro Ser Glu Ser Phe Gin Glu Hia Thr Val Asp Gly Glu Asn Oln 
85 90 95 

ATT GTC TTC ACA CAT CGC ATC AAC ATC GCC CGC CGG GCC TGT GGC TGT 
He Val Phe Thr His Arg He Asn lie Pro Arg Arg Ala Cys Gly Cys 
100 105 110 

GCC OCA GCC CCT GAT GTT AAG GAG CTG CTG ACC AGA CTO GAG GAG CTG 
Ala Ala Ala Pro Asp Val Lys Glu Leu Leu Ser Arg Leu Glu Glu Leu 
lis 120 125 

GAG AAC CTG GTG TCT TCC CTG AGG GAG CAA TGT ACT GCA GGA GCA GGC 
Glu Asn Leu Val Ser Ser Leu Arg Glu Gin Cys Thr Ala Gly Ala Gly 
130 135 140 145 

TGC TGT CTC CAG CCT GCC ACA GGC CGC TTG GAC ACC AGO CCC TTC TGT 
Cys Cys Leu Gin Pro Ala Thr Gly Arg Leu Asp Thr Arg Pro Phe Cys 
150 155 160 
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*(X:OCTCGaGGCAW:TTCAOCACTGJUlQGATOra^ 
fier Gly Arg Gly Asn Phe Ser Thr Glu Gly Cys Gly Cys Val Cy« Glu 
165 170 



175 



CCT GGC TX30 AAA GGC CCC AAC TGC TCT OAO CCC GAA TOT CC* OOC AAC 
Pro Gly Trp Lya Gly Pro Aan Cya Ser Glu Pro Glu Cya Pro Gly Aan 
180 185 

TGTCSlCCPrCGAGGCCGGTGeATTGATOGOCAaTOCATCTOTGA^ 
Cys HXB Leu Arg Gly Arg Cys He Asp Gly Gin Cys He Cys Asp Asp 
200 205 

aGCTTCACOGGCaAOaACTQCAOCCAaCTOOCTTOCCCCAflCGACTOC 
Gly Phe Thr Gly Glu Asp Cys Ser Gin Leu Ala Cys Pro Ser Asp Cys 
215 220 225 

AAT GAC CAG GGC AAO TCC GTO AAT OGA arc TCC ATC TX3T TTC QAA QGC 
Asn Asp Gin Gly Lys Cys Val Asn Gly Val Cys He Cys Phe Glu Gly 
235 240 

TACGbGGCTGACTCCAGCCGTGAAATCTCCCCAGTCCCCTOCAGTGAG 
Tyr Ala Ala Asp Cys Ser Arg Glu He Cys Pro Val Pro Cys Ser Glu 
245 250 255 

OAO CAC GGC ACA TOT.GTA GAT GGC TTO TOT OTO TOC CAC GAT GGC TTT 
Olu His Gly Thr Cya Val Asp Gly Leu Cys Val Cys His Asp Gly Phe 
260 265 270 

GCA GGC GAT GAC TGC AAC AAO CCT CTO TOT CTC AAC AAT TOC TAC AAC 
Ala Gly Asp Asp cys Asa Lys Pro Leu Cys Leu Asn Asn Cys Tyr Asn 
275 280 285 

COT GGA CGA TGC GTO GAG AAT GAOTQCOTOTOTGATGAaGGTTTCACO 
Arg Qly Arg cys Val Glu Asn Glu Cys Val Cys Asp Glu Gly Phe Thr 
295 300 

aGCGAAGACTGCAQTGAGCTCATCTQCCCCAATGACTGCTTCGACCOG 
Qly Olu Asp cys Ser Glu Leu He Cys Pro Asa Asp Cys Phe Asp Arg 
310 315 320 

GGC CGC TGC ATC AAT GGC ACC TGC TAC TOC OAA GAA GGC TTC ACA GGT 
Gly Arg Cys H. Asa Gly Thr Cys Tyr Cys Olu Olu Gly Phe Thr Gly 
325 330 335 

GAA GAC TOC GOG AAA CCC ACC TGC CCA CAT OCC TGC CAC ACC CAO GGC 
Glu Asp Cys Gly Lys Pro Thr Cys Pro His Ala Cys His Thr Ola Gly 
340 345 

COG TCT OAO GAG GOO CAG TOT GTA TOT GAT GAO GGC TTT GCC GOT GTO 
Arg Cys Glu Glu Gly Ola Cys Val Cys Asp Olu Gly Phe Ala Gly Val 
355 360 365 

GAC TGC AGC GAO AAO AGO TGT CCT GCT GAC TOT CAC AAT COT GGC CGC 
Asp Cys Ser Glu Lys Arg Cys Pro Ala Asp Cys His Asa Arg Gly Arg 
375 380 385 
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TGT OTA GAC GOG CGG TCT CftG TGT OAT GAT GOT TTC ACT OGA GCT GAC 
Cya Val Asp Gly Arg Cys Glu Cys Asp Asp Gly Phe Thr Gly Ala Aap 
390 395 400 

TGT OGG GAG CTC AAG TGT CCC AAT GGC TGC AOT GGC CAT OGC CGC TOT 
Cys Gly Glu Leu Lys Cys Pro Asn Gly Cys Ser Gly His Gly Arg Cys 
405 410 415 

ore AAT GGG CAO TOT GTG TGT GAT GAO GGC TAT ACT OGG GAG GAC TGC 
Val Asn Gly Gin Cys Val Cys Asp Glu Gly Tyr Thr Gly Glu Asp Cys 
420 425 430 

AGC CAG CTA COG TGC CCC AAT GAC TOT CAC AOT CGG OGC CGC TGT GTC 
Ser Gin Leu Arg Cys Pro Asn Aap Cys His Ser Arg Gly Arg Cys Val 
435 440 445 

GAO GGC AAA TGT GTA TOT GAO CAA GGC TTC AAG GGC TAT GAC TGC AOT 
Glu Gly Lys Cys Val Cys Glu Gin Gly Phe Lys Gly Tyr Asp Cys Ser 
450 455 460 465 

GAC ATG AGC TGC CCT AAT GAC TGT CAC CAO CAC OGC OGC TGT OTG AAT 
Asp Met Ser Cys Pro Asn Asp Cys His Gin His Gly Arg Cys Val Asn 
470 475 480 

GGC ATG TGT OTT TGT GAT GAC GGC TAC ACA GGG GAA GAC TGC COG GAT 
dly Met Cys Val Cys Asp Asp Gly Tyr Thr Gly Glu Asp Cys Arg Asp 
485 490 495 

CGC CAA TGC CCC AGO GAC TOC AGC AAC AGO GGC CTC TOT OTG GAC OGA 
Arg Gin Cys Pro Arg Asp Cys Ser Asn Arg Gly Leu Cys Val Asp Gly 
500 505 510 

CAG TGC GTC TGT OAG GAC GGC TTC ACC GGC CCT. GAC TGT OCA GAA CTC 
Gin Cys Val Cys Glu Asp Gly Phe Thr Gly Pro Asp Cys Ala Glu Leu 
515 520 525 

TCC TGT CCA AAT OAC TOC CAT OGC CAG GOT CGC TOT GTG AAT GOO CAG 
Ser Cys Pro Asn Asp Cys His Oly Gin Gly Arg Cys Val' Asn Gly Gin 
530 535 540 545 

TOC GTG TOC CAT GAA GOA TTT ATO GGC AAA GAC TGC AAO GAG CAA AOA 
Cys Val Cys His Glu Gly Phe Met Gly Lys Asp Cys Lys Glu Gin Arg 
550 555 560 

TOT CCC AOT GAC TGT CAT OGC CAG GGC CGC TGC GTG GAC GGC CAO TGC 
Cys Pro Ser Asp Cys His Gly Gin Gly Arg Cys Val Asp Oly Gin Cys 
565 570 575 

ATC TGC CAC GAO GGC TTC ACA OGC CTO OAC TGT OGC CAG CAC TCC TOC 
Il« Cys His Glu Oly Phe Thr Gly Ijcu Asp Cys Gly Gin His Ser Cys 
580 585 590 

CCC ACT GAC TGC ftAC AAC TTA GOA CAA TGC GTC TCG GGC CGC TGC ATC 
Pro Ser Asp Cys Asn Aan Leu Oly Gin Cys Val Ser Gly Arg Cys lie 
595 600 605 
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TGC AAC GAa OGC TAC AGC QOA 6AA GAC TGC TCA GAG OTa TCT CCT CCC 
Cys Asn Glu Gly Tyr Ser Gly Glu Asp Cys Ser Glu Val Ser Pro Pro 
610 615 620 625 

AAA GAC CTC GTT QTO ACA GAA GTG ACQ GAA GAG ACX3 GTC AAC CTO GCC 
Lys Aap Leu Val Val Thr Glu Val Thr Glu Glu Thr Val Asn Leu Ala 
630 635 640 

TOO GAC AAT GAG ATG COO GTC ACA GAG TAC CTT GTC GTG TAC ACQ CCC 
Trp Asp Asn Glu Met Arg Val Thr Glu Tyr Leu Val Val Tyr Thr Pro 
645 650 655 

ACC CAC GAG C?GT GOT CTO GAA ATO CAG TTC CGT GTG CCT GGO GAC GAG 
Thr His Glu Gly Gly Leu Glu Met Gin Phe Arg Val Pro Gly Asp Gin 
660 665 670 

ACQ TCC ACC ATC ATC CGO GAG CTO GAG CCT GGT QTO GAG TAC TTT ATC 
Thr Ser Thr lie He Arg Glu Leu Glu Pro Gly Val Glu Tyr Phe He 
675 680 685 

CGT GTA TTT GCC ATC CTO GAG AAC AAG AAG AGC ATT CCT GTC AGC GCC 
Arg Val Phe Ala lie Leu Glu Asn Lys Lys Ser He Pro Val Ser Ala 
690 695 700 705 

AGO QTO GCC ACQ TAC TTA CCT OCA CCT GAA QQC CTO AAA TTC AAG TCC 
Arg Val Ala Thr Tyr Leu Pro Ala Pro Glu Gly Leu Lys Phe Lys Ser 
710 715 720 

ATC AAG GAG ACA TCT GTG GAA GTG GAG TOG GAT CCT CTA GAC ATT OCT 
He Lys Glu Thr Ser Val Glu Val Glu Trp Aap Pro Leu Asp He Ala 
725 730 735 

TTT GAA ACC TOG GAG ATC ATC TTC CGQ AAT ATO AAT AAA GAA GAT GAG 
Phe Glu Thr Trp Glu He He Phe Arg Asn Met Asn Lys Glu Asp Glu 
740 745 750 

OOA GAG ATC ACC AAA AGC CTO AGO AGO CCA GAG ACC TCT TAC COG CAA 
Gly Glu He Thr Lys Ser Leu Arg Arg Pro Glu Thr Ser Tyr Arg Gin 
755 760 765 

ACT GGT CTA OCT CCT GOG CAA GAG TAT GAG ATA TCT CTG CAC ATA GTG 
Thr Gly Leu Ala Pro Gly Qln Glu Tyr Glu He Ser Leu His He Val 
770 775 780 785 

AAA AAC AAT ACC COG GOC CCT OGC CTO AAG AGG GTG ACC ACC ACA CGC 
Lys Asn Asn Thr Arg Gly Pro Gly Leu Lys Arg Val «jr Thr Thr Arg 
790 795 800 

TTO GAT GCC CCC AGC CAG ATC GAG GTG AAA GAT GTC ACA GAC ACC ACT 
I<eu Asp Ala Pro Ser Gin He Glu Val Lys Asp Val Thr Asp Thr Thr 
805 810 815 

QCC TTO ATC ACC TOG TTC AAG CCC CTO OCT GAG ATC GAT OGC ATT GAG 
Ala Leu He Thr Trp Phe Lys Pro I^eu Ala Glu He Aap Gly He Glu 
820 825 830 



wo 96/08513 



PCTAJS95/11684 



-104- 



84S 



855 



665 



880 



895 

910 



9" 945 

970 



975 



m f <^ CTT CAQ GTT TCT 

He Asn Ala Thr Qlu Leu Aap Thr P^o Lya Aap Leu Gin ^ 12 



990 



1000 



1005 



2f '^'^ ^ ^ «^ CAG TGG 

Iwo ^ ^f^^" Tyr ser Leu Pro Thr Gly Oln ^ 



GTO GGA GTO CAG CXT CCA AGA AAC ACC ACT TCC TAT GTC CTX3 AGA GGC 
Val Gly val Gin Leu Pro Arg Aan Thr Thr Ser Tyr Val ^ 
1030 1035 



1040 



CTO GAA CCA GGA CAG GAG TAC AAT GTC CTC CTG ACA GCC GAG AAA GGC 
Leu Glu Pro Gly Gin Glu Tyr Asn Val Leu Leu Thr Ala QlS ^ 
aoSO 1055 
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1065 1070 

Pro Qlu i^u Olu ^ Thr V.1 Thr Olu V.l oly Trp An> Sy 2S 
1080 1085 

^ f !!! '''^ ^ «^ «T <»0 CAC TXT ATC ATT 

jrg Leu Asn Trp Thr Al. Al. Asp Ola Ai. Tyr Glu His SI JI! J" 
1055 HOD 1105 

1115 1120 

OTGGCAOCCTTC<WGCT<nX3GACATACCOaOCCTCAAO<3CTGCT 
Pro Oly ser ax^ val Aap He Pro Oly Leu Lya S ^ 

"30 1135 

^ ^^'^ GGG OTO ATC CAO OGC TAT AGA ACA CCA 

Pro Tyr ^^v.l ser He Tyr Oly Val He Oln Oly Tyr 
11*5 1150 

s IS ^ £js - - 
v^^s? s ^ ?s 

1175 iiBO 1185 

GCT CCA OAA OOO OCC TAT GAG TAC TTT TTC ATT CAO OTO CAO GAG OCT 
Ala Pro Glu Oly Al. Tyr Glu Tyr Phe Phe He Gin Val oS SI 

1195 1200 

aACACAGTAaAGGCAGCCCAGAACCTCACCGTCCCAOQAGGACTOAaa 
Aap Thr val olu Ala Al. Oln Aan l^u Thr Val Pro Oly ^ 2! 

1205 1210 1215 

IS ?^ *^ TAT ACC ATC ACC 

ser Thr Aap Leu Pro Oly Leu Lys Ala Ala Thr His Tyr Thr III tS 
1225 - 1230 

ATCCGCOGGGTCACTCAOGACTTCAGCACAACCCCTCTCTCTGTTGAA 
lie Ar^ Oly val Thr Oln Asp Phe Ser Thr Thr Pro Leu lel 
"35 1240 1245 

,™ Jf" ^ *™ CTC ACA OTO ACC GAG 

Val^Leu Thr Glu Olu Val Pro Asp Met Gly Asn Leu Thr Val Thr 

1255 1260 1265 

?II JI^ S ^ ?f 7^ "^ CTG AAC TOO ACC ACO CCA OAT OGA ACC 
val Ser Trp Asp Ala Leu Arg Leu Aan Trp Thr Thr Pro Asp Oly Thr 
1270 1275 1280 
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TAT GAC CAG TTT ACT ATT CAG GTC C3U3 QAO GCT GAC CAG GTG GAA GAG 
Tyr Asp Gin Phe Thr lie Gin Val Gin Glu Ala Asp Gin Val Glu Glu 
1285 1290 1295 

OCT CAC AAT CTC ACQ GTT CCT GQC AGC CTG CGT TCC ATG GAA ATC CCA 
Ala His Asn Leu Thr Val Pro Gly Ser Leu Arg Ser Met Glu He Pro 
1300 1305 1310 

GGC CTC AGO OCT OGC ACT CCT TAC ACA GTC ACC CTG CAC GGC GAG GTC 
Oly Leu Arg Ala Gly Thr Pro Tyr Thr Val Thr Leu His Gly Glu Val 
1315 1320 1325 

AOa OGC CAC AOC ACT COA CCC CTT GCT OTA GAG OTC GTC ACA GAG OAT 
Arg Gly His Ser Thr Arg Pro Leu Ala Val Glu Val Val Thr Glu Asp 
1330 1335 1340 1345 

CTC CCA CAS CTG OOA GAT TTA GCC GTO TCT OAS OTT GGC TGQ OAT OGC 
Leu Pro Gin Leu Gly Asp Leu Ala Val Ser Qlu Val Gly Trp Asp Gly 
1350 1355 1360 

CTC AGA CTC AAC TOG ACC OCA GCT GAC AAT GCC TAlT GAG CAC TTT OTC 
Leu Arg Leu Asn Trp Thr Ala Ala Asp Asn Ala Tyr Glu His Phe Val 
1365 1370 1375 

ATT CAG GTG CAG GAG GTC AAC AAA GTG GAG GCA GCC CAG AAC CTC ACQ 
He Gin Val Gin Glu Val Asn Lys Val Glu Ala Ala Gin Asn Leu Thr 
1380 1385 1390 

TTQ CCT GGC AGC CTC AGO GCT GTO OAC ATC COO GGC CTC GAO OCT GCC 
Leu Pro Gly Ser Leu Arg Ala Val Asp He Pro Gly Leu Glu Ala Ala 
1395 1400 1405 

ACG CCT TAT AGA GTC TCC ATC TAT OOO GTG ATC COG OGC TAT AGA ACA 
Thr Pro Tyr Arg Val Ser He Tyr Gly Val He Arg Oly Tyr Arg Thr 
"10 1415 1420 1425 

CCA OTA CTC TCT GCT GAG GCC TCC ACA GCC AAA GAA CCT OAA ATT OOA 
Pro Val Leu Ser Ala Qlu Ala Ser Thr Ala Lys Glu Pro Glu He Gly 
1430 1435 1440 

AAC TTA AAT GTT TCT GAC ATA ACT CCC GAG AGC TTC AAT CTC TCC TOG 
Asn Leu Asn Val Ser Asp He Tlir Pro Glu Ser Phe Asn Leu Ser Trp 
1445 1450 1455 

ATO GCT ACC GAT GOG ATC TTC GAO ACC TTT ACC ATT OAA ATT ATT OAT 
Met Ala Thr Asp Oly He Phe Glu Thr Phe Thr He Olu He He Asp 
1460 1465 1470 

TCC AAT AGO TTO CTG GAO ACT GTO GAA TAT AAT ATC TCT GOT OCT OAA 
Ser Asn Arg Leu Leu Olu Thr Val Glu Tyr Asn He Ser Oly Ala Olu 
1475 1480 1485 

COA ACT GCC CAT ATC TCA GOG CTA CCC CCT AGT ACT GAT TTT ATT OTC 
Arg Thr Ala His He Ser Gly Leu Pro Pro Ser Thr Asp Phe He Val 
1490 .1495 1500 1505 
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Tyr I.U Ser Oly i^u Ala Pro Ser H. Arg Lya Thr 11^ 5S IS 
"10 1515 ^52^ 

ACa G<^ACGACAGAaGCCCTacCCCTTCTaGAAAACCTAA£v.an-r.,v^ 
Tl^ Ala Thr ^ oiu Ala Leu Pro I.u ^ IS 
1525 1530 ^535 

«C ATT AAT CCC TAC GGO TTC ACA GTT TCC TtSG ATO GCA TCQ GAO AAT 
Asp lie Asn Pro Tyr Oly Phe Bur Val Ser Trp Met Ala Ser Su JJa 
"45 1550 

OO: m OAC AQC TTT CTA OTA ACQ <na OTQ OAT TCT GOO AAO CTO CTO 
Ala Phe A.P ser Phe Leu Val Thr Val Val Asp Ser Gly JJ^ 
"55 15S0 1565 

Asp Pro Gin Glu Phe Thr Leu Ser Gly Thr Gin Arg Lys Leu Glu LeJ 
"''^ "«0 1585 

^ ^T"" ®^ '■^^ °" *W arc TCT GGC TTC 

Arg Gly Leu He Thr Gly He Gly Tyr Glu Val Het Val Ser Sy Phe 

1600 

ACC CAA OGG CAT CAA ACC AAO CCC TTQ AGG GOT GAG ATT GTT ACA GAA 
«u: Gin Gly His Gin Thr Lye Pro Leu Arg Ala Glu ill ^ 
1605 1610 1615 

Jr^ff*^*^°^^'^<=^^'?"'I^<»TGCCACCCCAGAC 
Ala Glu Pro Glu val Asp Asa Leu Leu Val Ser Asp Ala ^ 
1620 1625 1630 

OOTTOCGTCTdTCCTGGACAGCTGATGAAGGGGTCTTCaACAATTTT 
Gly Phe Arg Leu Ser Trp «u: Ala Asp Glu Gly Val Phe A^ i^I 
1640 1645 

CTC iUVA ATC AGA GAT ACQ AAA AAG CAO TCT GAG CCA CTO GAA ATA 
Vjl Leu Ly. He Arg ASp Thr Lys Ly. Gin Ser Glu Pro Leu GlJ 

"55 1660 1665 

S ?r ^^'^ °f ^ CTC AOA GAG 

Thr Leu Leu Ala Pro Glu Arg Thr Arg Asp He Thr Gly Leu Arg Glu 
1"° 1675 • 1680 

^ ^ ^'^^ «^ *TA AGC AAA G6A AGG CGA 

Ala Thr Glu Tyr Glu He Glu Leu Tyr Gly He Ser Lys Gly Arg Aro 
"as 1690 1695 



TCCCAOACAGTCAGTGCTATAOCAACAACAGCCATOGGCTCCCCAAAG 
fier Gin Thr Val Ser Ala He Ala Thr Thr Ala Met Gly Ser ^ 
1700 1705 1710 

SJfv^I!^'^*^''^'^*^**^'«^*^*CT6TCAGCTGO 
Qlu Val He Phe Ser Asp He Thr Glu Asn Ser Ala Thr Val Ser Trn 
I'^IS 1720 TT->c 
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1730 3^735 ^•'^ f!?.^^* ^ "Tl^ Val Pro 



1740 



1745 



^^^^ 1760 
1775 

ATC ATC QCC ATO AAO GGC TTT GAG OAA JUST OA* r^r-n 

«. X.. „.^„., ^ - Si Z S IS 



1790 



Tir ACC AC* OCT CtO GAT GOC CCA TCT asp c-r« r«v, 

1805 

1B20 1325 



1840 



1855 



1870 

1880 j^ggg 

1900 

1915 

1930 1935 
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ATC CAlS GOV CTC AAT GGG CCC CXG AGG AOC AAT ATQ ATC CAQ ACX: ATC 5961 
lie Qln Ala z.eu Asn Gly Pro I^u Arg Ser Asn Het lie Gin Thr Xle 
1955 1960 1965 

TTC ACC AC31 ATT OGA CTC CTG TAG CCC TTC CCC AAS GAC TOC TCC CAA 6009 
Phe Thr Thr He Gly Leu Leu Tyr Pro Phe Pro Lye Asp Cys Ser Gin 
1970 1975 1980 1985 

OCA ATG CTG AAT GGA GAC ACQ ACC TCT OGC CTC TAC ACC ATT TAT CTG 6057 
Ala Met Leu Asn Gly Asp Thr Thr Ser Gly I«u Tyr Ha He Tyr I.eu 
1990 1995 2000 

AAT GOT GAT AAO GCT CAG OCO CTG GAA GTC TTC TGT GAC ATG ACC TCT 6105 
Asn Gly Asp Lys Ala Gin Ala Leu Glu Val Phe Cys Asp Met Thr Ser 
2005 2010 2015 

GAT GOG GGT GGA TGG ATT OTG TTC CTG AGA CGC AAA AAC GGA COC GAG 6153 
Asp Gly Gly Gly Trp He Val Phe Leu Arg Arg Lys Ash Gly Arg Glu 
2020 2025 2030 

AAC TTC TAC CAA AAC TOG AAG OCA TAT GCT GCT GGA TTT GOG GAC CGC 6201 
Asn Phe Tyr Gin Asn Trp Lys Ala Tyr Ala Ala Gly Phe Gly Asp Arg 
2035 2040 2045 

AGA GAA GAA TTC TGG CTT QGG CTG GAC AAC CTG AAC AAA ATC ACA GCC 6249 
Arg Glu Glu Phe Trp Leu Gly Leu Asp Asn Leu Asn Lys He Thr Ala 
2050 2055 2060 2065 

CAG GGG CAG TAC GAG CTC CGG GTG GAC CTG CGG GAC CAT GOO GAG ACA 6297 
Gin Gly Gin Tyr Glu Leu Arg Val Asp I.eu Arg Asp His Gly Glu Thr 
2070 2075 2080 

OCC TTT' GCT GTC TAT GAC AAG TTC AGC OTG GGA GAT GCC AAG ACT CGC 6345 
Ala Vh» Ala Val Tyr Asp Lys Phe Ser Val Gly Asp Ala Lys Thr Arg 
2085 2090 2095 

TAC AAG CTG AAG GTG GAG GGG TAC AGT GOG ACA GCA GGT GAC TCC ATG 6393 
Tyr Lys Leu Lys Val Glu Gly Tyr Ser Gly Thr Ala Gly Asp Ser Met 
2100 2105 2110 

GCC TAC CAC AAT GGC AGA TCC TTC TCC ACC TTT GAC AAG GAC ACA GAT 6441 
Ala Tyr His Asn Gly Arg Ser Phe Ser Thr Phe Asp Lys Asp Thr Asp 
2115 2120 ■ 2125 

TCA OCC ATC ACC AAC TGT GCT CTG TCT ACA AGO GGC TTC TGG TAC AGG 6489 
Ser Ala He Thr Asn Cys Ala Ijcu Ser Tbr Arg Gly Phe Trp tyr Arg 
2130 2135 2140 2145 

AAC TOT CAC COT OTC AAC CTG ATG GGG AGA TAT GGG QAC AAT AAC CAC 6537 
Asn Cys His Arg Val Asn Leu Met Gly Arg Tyr Gly Asp Asn Asn Kis 
2150 2155 2160 

AGT CAG GGC GTT AAC TGG TTC CAC TOG AAG GGC CAC GAA CAC TCA ATC 6585 
Ser Gin Gly Val Asn Trp Phe Bis Trp Lys Gly His Glu His Ser He 
2165 2170 2175 
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CAO TTT GCT GAG ATG AAG CTG AGA CCA AGC AAC TTC AGA AAT CTT GAA 
Gin Phe Ala Olu Met Lys Leu Arg Pro fier Asn Phe Arg Asn Leu Glu 
2180 2185 2190 

OGC AGO CGC AAA CGG GCA TAAATTGGAG GGACCACTOG GTOAGAGAGG 
Gly Arg Arg Lys Arg Ala 

2195 220 

AATAAGGCGG CCCAGAGCGA GGAAAGGATT TTACCAAAGC ATCAATACAA CCAGCCCAAC 

CATCOGTCCA CACCTGGGCA TTTGGTGaGA ATCAAAGCTG ACCATQGATC CCTCaOGCCA 

ACOGCAACAQ CATGGGCCTC ACCTCCTCTQ TQATTTCTTT CTtlGCACCA AAGACATCAG 

TCTCCAACAT GTTTCTOTTT TGTTGTTTQA TTCAGCAAAA ATCTCCCAGT GACAACATCG 

CAATASTTTT TTACTTCTCT TAaOTGaCTC TQGGATGGGA GAQGQGTASG ATGTACAOGG 

GTAGTITGTT TTAGAACCAG CCGTATTTTA CATGAAGCTG TATAATXAAT TGTCATTArr 7041 

TTTGTTAGCA AAGATTAAAT GTGTCATTGG AAQCCATCCC TTTTTTTACA TTTCATACAA 

CAGAAACCAG AAAAGCAATA CtGTTTCCAT TTTAAGGATA TGATTAATAT TATTAATATA 

ATAATGATGA TGATGATGAT GAAAACTAAO GATTTTTCAA GAGATCTTTC TTTCCAAAAC 

ATTTCTGGAC AGTACCTGAT TGTATTTTTT TTTTAAATAA AAOCACAA6T ACTTTTGAAA 7281 

^^^'"^ 7286 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2199 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MbLECOLE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Gly Ala Met Thr Gin Leu Leu Ala Gly Val Phe Leu Ala Phe Leu 
15 10 15 

Ala Leu Ala Thr Glu Gly Gly Val Leu Lys Lys Val lie Arg His Lys 



Arg Gin Ser Gly Val Asn Ala Thr Leu Pro Glu Glu Asn Gin Pro Val 
35 40 45 

Val Phe Asn His Val Tyr Asa He Lys Leu Pro Val Gly Ser Gin Cys 
50 55 60 

Ser Val Asp Leu Glu Ser Ala Ser Gly Glu Lys Asp I^eu Ala Pro Pro 



6741 
6801 
6861 
6921 
6981 



7101 
7161 
7221 
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Ser Glu Pro Ser Glu Ser Phe Gin Glu His Thr Val Asp aiy Glu Asn 
85 90 55 

Gin lie val Phe Tte His Arg He Asn He Pro Arg Ar^ Ala Cys Gly 
105 110 

Cys Ala Ala Ala Pro Asp Val Lys Glu Leu Leu Ser Arg Leu Glu Glu 
"5 120 125 

Leu Glu Asn Leu Val Ser Ser Leu Arg Glu Gin Cys Thr Ala Gly Ala 

Gly Cys cys Leu Gin Pro Ala Thr Gly Arg Leu Asp Thr Arg Pro Phe 
ISO 155 ^gjj 

Cys Ser Gly Arg Gly Asn Phe Ser Thr Glu Gly Cys Gly Cys Val Cys 
165 170 

Glu Pro Gly Trp Lys Gly Pro Asn Cys Ser Glu Pro Glu Cys Pro Glv 
"0 185 150 

Asn Cys His Leu Arg Gly Arg Cys He Asp Gly Gin Cys He Cys Asp 
200 205 

Asp Gly Phe Thr Gly Glu Asp Cys Ser Gin Leu Ala Cys Pro Ser Asp 
210 215 220 

^ Asn Asp am Gly Lys Cys Val Asn Gly Val Cys He Cys Phe Glu 
230 235 240 

Gly Tyr Ala Ala Asp Cys Ser Arg Glu He Cys Pro Val Pro Cys Ser 
2*5 250 255 

Glu Glu His Gly Thr cys val Asp Gly Leu Cys Val Cys His Asp Gly 
2«0 2S5 270 

Phe Ala Gly Asp Asp Cys Asn Lys Pro Leu Cys Leu Asn Asn Cys Tyr 
275 280 285 

Asn Arg Gly Arg Cys Val Glu Asn Glu Cys Val Cys Asp Glu Gly Phe 
"0 295 - 300 



Thr Gly Glu Asp Cys Ser Glu Leu He 
305 



Cys Pro Asn Asp Cys Phe Asp 
310 315 320 



Arg Gly Arg Cys He Asn Gly Thr Cys Tyr Cys Glu Glu Gly Phe Thr 
325 330 335 

Gly Glu Asp Cys Gly Lys Pro Thr Cys Pro His Ala Cys His Thr Gin 
340 345 350 

Gly Arg Cys Glu Glu Gly Gin Cys Val Cys Asp Glu Gly Phe Ala Gly 
355 360 365 



W0 96A)8St3 



PCT/US9Sai684 



Val Asp cys Ser Glu Vya Arg Cys Pro Ala Asp Cys His Asn Arg Gly 
370 375 380 

Arg Cys Val Asp Gly Arg Cys Glu Cys Asp Asp Gly Phe Thr Gly Ala 
385 390 395 400 

ASP cys Gly Glu I^u Lys Cys Pro Asn Gly Cys Ser Gly His Gly Arg 
405 410 415 

cys Val Asn Gly Gin Cys Val Cys Asp Glu Gly Tyr Thr Gly Glu Asp 
.420 425 430 

cys ser Gin Leu Arg Cys Pro Asn Asp Cys His Ser Arg Gly Arg Cys 
435 440 445 

Val Glu Gly Lys Cys Val Cys Glu Gin Gly Phe Lys Gly Tyr Asp Cys 
450 455 460 

Ser Asp Met Ser Cys Pro Asn Asp Cys His Gin His Gly Arg Cys Val 
465 470 . 475 480 

Asn Gly Met Cys Val Cys Asp Asp Gly Tyr Thr Gly Glu Asp Cys Arg 
485 490 495 

Asp Arg Gin Cys Pro Arg Asp Cys Ser Asn Arg Qly Leu Cys Val Asp 
500 505 510 

Gly Gin Cys Val Cys Glu Asp Gly Phe Thr Gly Pro Asp Cys Ala Glu 
515 520 525 

I*u ser cys Pro Asn Asp Cys His Gly Gin Gly Arg Cys Val Asn Gly 
530 535 540 

Gin cys val Cys His Glu Gly Phe Met Gly Lys Asp Cys Lys Glu Gin 
545 550 555 560 

Arg Cys Pro Ser Asp Cys His Gly Gin Gly Arg Cys Val Asp Gly Gin 
565 570 575 

cys lie Cys His Glu Gly Phe Thr Gly Leu Asp Cys Gly Gin His Ser 
580 585 590 

cys Pro ser Asp Cys Asn Aan Leu Gly Gin cys Val Ser Gly Arg Cys 



lie cys Asn Glu Gly Tyr Ser Gly Glu Asp Cys Ser Glu Val Ser Pro 
610 "5 620 



Pro Lys Asp Leu Val Val Thr 
625 630 



Glu Val Thr Glu Glu Thr Val Asn Leu 
635 640 



Ala Trp ASP Asn Glu Met Arg Val Thr Glu Tyr Leu Val Val Tyr Thr 
645 650 655 

Pro Thr Hi. Glu Gly Gly Leu Glu Met Gin Phe Arg Val Pro Gly Asp 
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6£0 ees £70 

Gin 7br Ser Thr lie lie Arg Glu Leu Glu Pro Gly Val Glu Tyr Phe 
675 680 685 

lis Arg Val Phe Ala lie Leu Glu Asn Lys Lys Ser lie Pro Val Ser 
690 695 700 

Ala Arg Val Ala Thr Tyr Leu Pro Ala Pro Glu Gly Leu Lys Phe Lys 
705 710 715 720 

Ser lie Lys Glu Thr Ser Val Glu Val Glu Trp Asp Pro I<eu Asp lie 
725 730 735 

Ala Phe Glu Thr Trp Glu lie He Phe Arg Asn Met Asn Lys Glu Asp 
740 745 750 

Glu Gly Glu He Thr Lys Ser Leu Arg Arg Pro Glu Thr Ser Tyr Arg 
755 760 765 

Glh thr Gly Leu Ala Pro Gly Gin Glu Tyr Glu He Ser Leu His He 
770 775 780 

Val Lys Asn Asn Thr Arg Gly Pro Gly Leu Lys Arg Val Thr Thr Thr 
785 790 795 800 

Arg Leu Asp Ala Pro Ser Gin He Glu Val Lys Asp Val Thr Asp Thr 
805 810 815 

thr Ala Leu He Thr Trp Phe Lys Pro Leu Ala Glu He Asp Gly He 
820 825 830 

Glu I<eu Thr Tyr Gly He Lys Asp Val Pro Gly Asp Arg Thr Thr He 
835 840 845 

Asp Leu Thr Glu Asp Glu Asn Gin Tyr Ser He Gly Asn Leu Lys Pro 
850 855 860 

Asp thr Glu Tyr Glu Val Ser Ijcu He Ser Arg Arg Gly Asp Met Ser 
865 870 875 880 

Ser Asn Pro Ala Lys Glu Thr Phe Thr Thr Gly Leu Asp Ala Pro Arg 
885 890 895 

Asn Leu Arg Arg Val Ser Gin Thr Asp Asn Ser He Thr Leu Glu Trp 
900 90S 910 

Arg Asn Gly Lys Ala Ala He Asp Ser Tyr Arg He Lys Tyr Ala Pro 
915 920 925 

He Ser Gly Gly Asp His Ala Glu Val Asp Val Pro Lys Ser Gin Gin 
930 935 940 

Ala Thr thr Lys thr thr Leu thr Gly Leu Arg Pro Gly Thr Glu Tyr 
945 950 955 960 
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Gly lie Gly Val Ser Ala Val liys Glu Asp Lys Glu Ser Aan Pro Ala 
96S 970 975 

Thr He Asn Ala Ala Thr Qlu Leu Asp Thr Pro Lys Asp Leu Gin Val 
9S0 985 990 

Ser Glu Thr Ala Glu Thr Ser Leu Thr I<eu I<eu Trp Lys Thr Pro Leu 
995 1000 1005 

Ala Lys Phe Asp Arg Tyr Arg Leu Asn Tyr Ser Leu Pro Thr Gly Gin 
1010 1015 1020 

Trp Val Gly Val Gin IjCu Pro Arg Asn Thr Thr Ser Tyr Val Leu Arg 
1025 1030 1035 1040 

Gly Leu Glu Pro Gly Gin Glu Tyr Asn Val Leu Leu Thr Ala Glu Lys 
1045 1050 1055 

Gly Arg His Lys Ser Lys Pro Ala Arg Val Lys Ala Ser Thr Glu Gin 
1060 1065 1070 

Ala Pro Glu Leu Glu Asn Leu Thr Val Thr Glu Val Gly Trp Asp Gly 
1075 1080 1085 

Leu Arg Leu Asn Trp Thr Ala Ala Asp Gin Ala Tyr Glu His Phe He 
1090 1095 1100 

lie Gin Val Gin Glu Ala Asn Lys Val Glu Ala Ala Arg Asn Leu Thr 
1105 1110 1115 1120 

Val Pro Gly Ser Leu Arg Ala Val Asp He Pro Gly Leu Lys Ala Ala 
1125 1130 1135 

Thr Pro Tyr Thr Val Ser He Tyr Gly Val He Gin Gly Tyr Arg Thr 
1140 1145 1150 

Pro Val Leu Ser Ala Glu Ala Ser Thr Gly Glu Thr Pro Asn Leu Gly 
1155 1160 1165 

Glu Val Val Val Ala Glu Val Gly Trp Asp Ala Leu Lys Leu Asn Trp 
1170 1175 1180 



Ala Asp Thr Val Glu Ala Ala Gin Asn Leu Thr Val Pro Gly Gly Leu 

1205 1210 1215 

Arg Ser Thr Asp Leu Pro Gly Leu Lys Ala Ala Thr His Tyr Thr lie 

1220 1225 1230 

Thr He Arg Gly Val Thr Gin Asp Phe Ser Thr Thr Pro Leu Ser Val 

1235 1240 1245 

Glu Val Leu Thr Glu Glu Val Pro Asp Met Gly Asn Leu Thr Val Thr 
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1250 1255 1260 



Olu Val Ser Trp Asp Ala I*eu Arg Leu Asn Trp Thr Thr Pro Asp Gly 
1265 1270 1275 1280 

Thr Tyr Asp Gin Phe Thr lie Gin Val Gin Olu Ala Asp Gin Val Glu 
1285 1290 1295 

Glu Ala His Asn Leu Thr Val Pro Gly Ser I/eu Arg Ser Het Glu lie 
1300 1305 1310 

Pro Gly XjCU Arg Ala Gly Thr Pro Tyr Thr Val Thr Leu His Gly Glu 
1315 1320 1325 

Val Aig Gly His Ser Thr Arg Pro Leu Ala Val Glu Val Val Thr Glu 
1330 1335 1340 



Asp Leu Pro Gin Leu Gly Asp I.eu Ala Val Ser Glu Val Gly Trp Asp 
1345 1350 1355 1360 

Gly Leu Arg Leu Asn Trp Thr Ala Ala Asp Asn Ala Tyr Glu Bis Phe 
1365 1370 1375 

Val Xle Gin Val Gin Glu Val Asn Lys Val Glu Ala Ala Gin Asn Leu 
1380 1385 1390 

Thr Leu Pro Gly Ser Leu Arg Ala Val Asp He Pro Gly Leu Glu Ala 
1395 1400 1405 

Ala Thr Pro Tyr Arg Val Ser He Tyr Gly Val He Arg Gly Tyr Arg 
1410 1415 1420 

Thr Pro Val Leu Ser Ala Glu Ala Ser Thr Ala Lys Glu Pro Glu He 
1425 1430 1435 1440 



Gly Asn Leu Asn Val Ser Asp He Thr Pro Glu Ser Phe Asn Leu Ser 
1445 1450 1455 

Txp Met Ala Thr Asp Gly He Phe Glu Thr Phe Thr Xle Glu He He 
1460 1465 1470 

Asp Ser Asn Arg lieu I<eu Glu Thr Val Glu Tyr- Asn He Ser Gly Ala 
1475 1480 1485 

Glu Arg Thr Ala His He Ser Gly Leu Pro Pro Ser Thr Asp Phe He 
1490 1495 ISOO 

Val Tyr Leu Ser Gly Leu Ala Pro Ser He Arg Thr Lys Thr Xle Ser 
1505 1510 1515 1520 

Ala Thr Ala Thr Thr Glu Ala Leu Pro Leu Leu Glu Asn Leu Thr He 
1525 1530 1535 



Ser Asp Xle Asn Pro Tyr Gly Phe Thr Val Ser Trp Met Ala Ser Glu 
1540 1545 1550 
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Asn Ala Pbe Asp Ser Phe I<eu Val Thr Val Val Asp Ser Gly Lys Leu 
15SS 1560 1565 

IjClu Asp Pro Qln Glu Phe Thr Leu Ser Gly Thr Qln Arg Lys Leu Glu 
1570 1575 1580 

Leu Arg Gly Leu He Thr Gly He Gly Tyr Glu Val Met Val Ser Gly 
158S 1590 1595 1600 

Phe Thr Qln Gly His Gin Thr Lys Pro IjCU Arg Ala Glu He Val Thr 
1605 1610 1615 

Glu Ala Glu Pro Glu Val Asp Asn Leu Leu Val Ser Asp Ala Thr Pro 
1620 1625 1630 

Asp Gly Phe Arg l-eu Ser Trp Thr Ala Asp Glu Gly Val Phe Asp Asn 
1635 1640 1645 

Phe Val Leu Lys He Arg Asp Thr Lys Lys Gin Ser Glu Pro Leu Glu 
1650 1655 1660 

He Thr Leu I-eu Ala Pro Glu Arg Thr Arg Asp He Thr Gly I*eu Arg 
1665 1670 1675 1680 

Glu Ala Thr Glu Tyr Glu He Glu Leu Tyr Gly He Ser Lys Gly Arg 
1685 1690 1695 

Arg Ser Gin Thr Val Ser Ala He Ala Thr Thr Ala Met Gly Ser Pro 
1700 1705 1710 

Lys Glu Val He Phe Ser Asp He Thr Glu Asn Ser Ala Thr Val Ser 
171S 1720 1725 

Trp Arg Ala Pro Thr Ala Gin Val Glu Ser Phe Arg He Thr Tyr Val 
1730 1735 1740 

Pro He Thr Gly Gly Thr Pro Ser Met Val Thr Val Asp Gly Thr Lys 
1745 1750 1755 1760 

Thr Gin Thr Arg Leu Val Lys Ijeu He Pro Gly Val Glu Tyr l«u Val 
1765 1770 1775 

Ser He He Ala Met Lys Gly Phe Glu Glu Ser Glu Pro Val Ser Gly 
1780 1785 1790 

Ser Phe Thr Thr Ala Leu Asp Gly Pro Ser Gly Leu Val Thr Ala Asn 
1795 1800 1805 

He Thr Asp Ser Glu Ala Leu Ala Arg Trp Gin Pro Ala He Ala Thr 
1810 1815 1820 

Val Asp Ser Tyr Val He Ser Tyr Thr Gly Glu Lys Val Pro Glu He 
1825 1830 1835 1840 

Thr Arg Thr Val Ser Gly Asn Thr Val Glu Tyr Ala Leu Thr Asp Leu 
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1845 1850 1855 

aiu Pro Ala Thr Glu Tyr Thr Leu Arg lie Phe Ala Glu Lya Gly Pro 
I860 1865 1870 

Oln Lys Ser Ser Thr lie Thr Ala Lyo Phe TOir Thr Asp Leu Asp Ser 
1875 1880 1885 

Pro Arg Asp Leu Thr Ala Thr Glu Val Gin Ser Glu Thr Ala Leu Leu 
1890 1895 1900 

Thr Trp Arg Pro Pro Arg Ala Ser Val Thr Gly Tyr Leu Leu Val Tyr 
1905 1910 1915 1920 

Olu Ser Val Asp Gly Thr Val Lys Glu Val lie Val Gly Pro Asp Thr 
1925 1930 1935 

Thr Ser Tyr Ser Leu Ala Asp Leu Ser Pro Ser Thr His Tyr Thr Ala 
1940 1945 1950 

Lys lie Gin Ala Leu Asn Gly Pro Leu Arg Ser Asn Met lie Gin Thr 
1955 I960 1965 

He Phe Thr Thr He Gly Leu Leu Tyr Pro Phe Pro Lys Asp Cys Ser 
1970 1975 X980 

Oln Ala Met Leu Asn Gly Asp Thr Thr Ser Gly Leu Tyr Thr He Tyr 
1985 1990 1995 jOOO 

Leu Asn Gly Asp Lys Ala Gin Ala Leu Glu Val Phe Cys Asp Met Thr 
2005 2010 2015 

Ser Asp Gly Gly Gly Trp He Val Phe Leu Arg Arg Lys Asn Gly Arg 
2020 2025 2030 

Olu Asn Phe Tyr Gin Asn Trp Lys Ala Tyr Ala Ala Gly Phe Gly Asp 
2035 2040 2045 

Arg Arg Glu Olu Phe Trp Leu Gly Leu Asp Asn Leu Asn Lys He Thr 
2050 2055 2060 

Ala Gin Gly Gin Tyr Glu Leu Arg Val Asp Leu Arg Asp His Gly Glu 
2065 2070 2075 2080 

Thr Ala Phe Ala Val Tyr Asp Lys Phe Ser Val Gly Asp Ala Lys Thr 
2085 2090 2095 

Arg Tyr Lys Leu Lys Val Glu Gly Tyr Ser Gly Thr Ala Gly Asp Ser 
2100 2105 2110 

Met Ala Tyr His Asn Gly Arg Ser Phe Ser Thr Phe Asp Lys Asp Thr 
2115 2120 2125 

Asp Ser Ala He Thr Asn Cys Ala Leu Ser Thr Arg Gly Phe Trp Tyr 
2130 2135 2140 
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Arg Asn Cya His Arg Val Aan Leu Met Gly Arg Tyr Gly Asp Asn Asn 
2145 2150 2155 2160 

His Ser Gin Gly Val Aan Trp Phe Hio Trp Lys Gly His Glu His Ser 
2165 2170 2175 

lie Gin Phe Ala Glu Met Lys Leu Arg Pro Ser Asn Phe Arg Asn Leu 
2180 2185 2190 

Glu Gly Arg Arg Lys Aarg Ala 
2195 



(2) IHFORMATION FOR SEQ ID N0:3: 



(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 6049 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DKA (genomic) 



(ix) FEATORE: 

(A) NAME/KEY: CDS 

(B) LOCATI{»J: 309. .5740 



240 
300 



(Xi) SEQUENCE DESCRIPTION: SEQ ID HO:3: 

CGGCTGATCT GACCAGTGTG CCGCACTGTC AAACCCTCCT TTCACACACG CGCGCACCAA 60 

ATGAGACGGC ACAACTTCTC TGAflTTTTGA CAGGACGGCG AGGAATCCGG GAGCCGACAG 120 

CTGCTGCTGC AGTACCTCTG CTTCGTGGAG GCTGCCCGTG GCAGGATCTG ATCCOTCAGC 180 

CCACACGAGA ATAAGCGTGC CAAGAAAGGA AAGGAAACTC AACTTAGTTT GAACTGGqTC 

TGAAATTTCT CCCTCCAGTC TACAAAGGCC AAACAAATAT AAGACTCCAT CAGCTTTQAA 

GCACTACA ATO GGA CTC CCT TCC CAG GTT TTG GCC TGT GCC ATC TTA GGT 350 
Met Gly Leu Pro Ser Gin Val Leu Ala Cys Ala He Leu Gly 
1 5 10 

TTG CTG TAC CAS CAT GCC AOT GGT GGG CTC ATC AAG CGA ATT ATC CGG 398 
Leu Leu Tyr Gin His Ala Ser Gly Gly Leu He Lys Arg He He Arg 
15 20 25 30 

CAO AAG AGO GAG ACT GGG CTC AAT GTG ACC TTA CCA GAG GAT AAT CAG 446 
Gin Lys Arg Glu Thr Gly Leu Asn Val Thr Leu Pro Glu Asp Asn Gin 
35 40 45 

CCT GTG GTT TTC AAT CAT GTC TAC AAC ATC AAG CTG CCT GTT GGC TCC 494 
Pro Val Val Phe Asn His Val Tyr Aan He Lys Leu Pro Val Gly Ser 
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so 55 60 

CTT TGC TCT OTO GAC CT6 GAC ACA 6CK AGC 006 OAC OCA GAC CTG AAS 542 
Leu Cys Ser Val Asp I<eu Asp Thr Ala Ser Oly Asp Ala Asp Leu Lys 
65 70 75 

OCA OAA ATT OAO CCT GTC AAG AAT TAC OAS GAS CAT ACG GTG AAT OAS 590 
Ala Glu lie Glu Pro Val Lys Asn Tyr Olu Glu His Thr Val Asn Glu 
SO 85 90 

GOG AAC CAG ATT GTC TTC AGO CAC CGC ATC AAC ATT CCC CGC CGG OCC 63B 
Gly Asn Gin He Val Phe Thr His Arg He Asn He Pro Arg Arg Ala 
95 100 105 110 

TCT GGC TX3T GCG GCT GCC CCA GAC ATC AAG GAC CTG CTG AGC AGA CTG 686 
Cys Gly Cys Ala Ala Ala Pro Asp lie Lys Asp Leu Ijeu Ser Arg I<eu 
115 120 125 

GAG GAG CTG GAG GGG CTG GTA TCC TCC CTC CGG GAG CAG TOT GCC AGC 734 
Glu Glu Leu Qlu Gly I<eu Val Ser Ser Leu Arg Glu Gin Cys Ala Ser 
130 135 140 

GGG GCT GQA TGC TOT CCT AAT TCC CAG ACA GCA GAA GGT CGC CTG GAC 782 
Gly Ala Gly Cys Cys Pro Asn Ser Gin Thr Ala Olu Gly Arg Leu Asp 
145 150 155 

ACQ GCC CCC TAT TGC AGT GGG CAC GGC AAC TAC AGC ACC GAG ATC TOT 830 
Thr Ala Pro Tyr Cys Ser Gly His Gly Asn Tyr Ser Thr Glu He Cys 
160 165 170 

GGC TCC GTG TGC GAG CCA GGC TGG AAA GGG CCC AAC TGC TCC GAA COG 878 
Oly Cys Val Cys Glu Pro Oly Trp Lys Gly Pro Asn Cys Ser Glu Pro 
175 180 185 190 

OCC TGC CCA CGC AAC TGC CTC AAC CGC GGC CTC TGC GTG CGG GCA AAG 926 
Ala Cys Pro Arg Asn Cys Leu Asn Arg Gly Leu Cys Val Arg Ala Lys 
195 200 205 

TGC ATC TGC GAG GAG GGC TTT ACC GGC OAS GAC TGC AGC CAG GCT CGC 974 
Cys He Cys Glu Glu Gly Phe Thr Gly Olu Asp Cys ser Gin Ala Arg 
210 215 220 

TCC CCG TCT GAC TGC AAC GAC CAA GGC AAG TQT GTG GAT GGG GTG TGC 1022 
Cys Pro Ser Asp Cys Asn Asp Gin Gly Lys Cys Val Asp Gly Val Cys 
225 230 235 

GTC TCC TTC GAG GGC TAC ACG GGC CCG OAC TGC GGC GAG GAS CTC TGC 1070 
Val Cys Phe Glu Gly Tyr thr Gly Pro Asp Cya Gly Olu Glu Leu Cys 
240 245 250 

CCC CAC GGQ TOT GGC ATT CAC GGG CGC TGT GTG GGT GQA CGC TOT GTG 1118 
Pro His Oly Cys Gly He His Gly Arg Cys Val Gly Gly Arg Cya Val 
255 260 265 270 

TGC CAC GAG GGC TTC ACT GGC GAG GAC TGC AAT GAG CCC CTG TGC CCC 1166 
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Cya His Glu Gly Phe Thr Gly Glu Asp Cys Asn Glu Pro Leu Cys Pro 
275 280 285 

AAC AAC TGT CAC AAC CGC GGG CGC TGT GTO GAC AAC GAG TGC GTC TGC 
Asn Asn Cya His Asn Arg Gly Arg Cys Val Asp Asn Glu Cys Val Cys 
290 295 300 

GAT GAG GGC TAG ACG GGA GAG GAC TGC GGC GAQ CTG ATT TGC CCC AAT 
Asp Glu Gly Tyr Thr Gly Glu Asp Cys Gly Glu Leu lie Cys Pro Asn 
305 310 315 

GAC TGC TTT GAC CGC GGG CGC TGC ATC AAT GGG ACC TGC TTC TGC GAG 
Asp Cys Phe Asp Arg Gly Arg Cys lie Asn Gly Thr cys Phe Cys Glu 
320 325 330 

GAG GGC TAC ACT GGA GAG GAC TGC GGC GAG CTG ACC TGC CCC AAC AAC 
Glu Gly Tyr Thr Gly Glu Asp Cys Gly Glu Leu Thr Cys Pro Asn Asn 
335 340 345 350 

TGC AAC GGC AAC GGG CGC TGT GAG AAC GGG CTG TGT GTG TGC CAT GAG 
Cys Asn Gly Asn Gly Arg Cys Glu Asn Gly Leu Cyo Val Cys His Glu 
355 360 365 

GGC TTC GTG GGG GAT GAC TGC AGO CA6 AAG AGG TGC CCO AAG ACG TGC 
Gly Phe Val Gly Asp Asp Cys Ser Gin Lys Arg Cys Pro Lys Thr Cys 
370 375 380 

AAT AAC CGC GGG CGC TGC GTG GAT GGG CGC TGT GTG TGC CAT GAG GGG 
Asn Asn Arg Gly Arg Cys Val Asp Gly Arg Cys Val Cys His Glu Gly 
385 390 395 

TAC CTG GGG GAG GAC TGT GGG GAG CTG CGG TGC CCC AAC GAC TGC CAC 
Tyr Ijcu Gly Glu Asp Cys Gly Glu Ijeu Arg Cys Pro Asn Asp Cys His 
400 405 410 

AAC CGC GGG CGC TGC ATC AAC GGG CAG TGT GTG TGT GAT GAG GGA TTC 
Asn Arg Gly Arg Cys lie Asn Gly Gin Cys Val Cys Asp Glu Gly Phe 
415 420 425 430 

ATT GGG GAG GAC TGT GGA GAG CTG CGG TGC CCC AAC GAC TGC CAG CAA 
lie Gly Glu Asp Cys Gly Glu Leu Arg Cys Pro Asn Asp Cys Gin Gin 
435 440 445 

CGC GGG CGC TGC ATC AAT GGG CAG TGC GAG TGC CAC GAG GGA TTC ATC 
Arg Gly Arg Cys lie Asn Gly Gin Cys Glu Cys His Glu Gly Phe He 
450 455 460 

GGG GAG GAC TGC GGG GAG CTG CGG TGT CCC AAC GAC TGC AAC AGC CAT 
Gly Glu Asp Cys Gly Glu Leu Arg Cys Pro Asn Asp Cys Asn Ser His 
465 470 475 

GGG CGC TGC GTC AAT GGG CAG TGC GTG TGT GAT GAG GGG TAC ACA GGG 
Gly Arg Cys Val Asn Gly Gin Cys Val Cys Asp Glu Gly Tyr Thr Gly 
480 485 490 
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GAO GAC TGC 6GG GAG TTG CGG TGC CCC AAC GAC TGC CAC AAC CGC GGG 1B3B 
Glu Asp Cys Gly Olu IjCU Arg Cys Pro Asa Asp Cys His Asn Arg Gly 
495 500 505 510 

CGC TGC GTG GAG GGA CGC TST GTG TOT GAC AAC GGC TTC ATG GGG GAG 18B6 
Arg Cys Val Glu Gly Arg Cys Val Cys Asp Asn Gly Phe Met Gly Glu 
515 520 525 

GAC TGC GGG GAG CTG TCC TGT CCC AAT GAC TGC CAC CAO CAC GGG CGC 1934 
Asp Cys Gly Glu I^u Ser Cys Pro Asn Asp Cys His Gin His Gly Arg 
530 535 540 

TGC GTC GAT GGG CGC TGC GTG TGC CAC GAG GGC TTC ACT GGG GAA OAC 1982 
Cys Val Asp Gly Arg Cys Val Cys His Glu Gly Phe Thr Gly Glu Asp 
545 550 555 

TGC CGG GAA CGG TCC TGC CCC AAT GAC TGC AAC AAC GTG GGC CGC TGT 2030 
Cys Arg Glu Arg Ser Cys Pro Asn Asp Cys Asn Asn Val Gly Arg Cys 
560 565 570 

GTC GAG GGA CGG TGT GTC TGT GAG GAA GGT TAC ATG GGG ATC GAC TGT 2078 
Val Glu Gly Arg Cys Val Cys Glu Glu Gly Tyr Met Gly He Asp Cys 
575 580 585 590 

TCT GAT GTG TCT CCT CCA ACG GGA CTG ACT GTA ACG AAT GTA ACA GAT 2126 
Ser Asp Val Ser Pro Pro Thr Gly Leu Thr Val Thr Asn Val Thr Asp 
595 600 605 

AAA ACG GTA AAT CTG GAA TGG AAO CAT GAG AAT CTC GTC AAT GAG TAC 2174 
Lys Thr Val Asn Leu Glu Trp Lys His Glu Asn Leu Val Asn Glu Tyr 
610 615 620 

CTT GTC ACC TAT GTC CCT ACC AGC AGT GGT GGC TTA GAT CTA CAG TTC 2222 
Leu Val Thr Tyr Val Pro Thr Ser Ser Gly Gly Leu Asp Leu Gin Phe 
625 630 635 

ACC GTA CCA GGA AAC CAG ACA TCT GCC ACT ATT CAT GAG CTG GAG CCT 2270 
Thr Val Pro bly Asn Gin Thr Ser Ala Thr He His Glu Leu Glu Pro 
640 645 650 

GGT GTG GAA TAC TTC ATC CGT GTC TTT GCA ATC CTT AAA AAC AAG AAA 2318 
Gly Val Glu Tyr Phe He Arg Val Phe Ala He Leu Lys Asn Lys Lys 
655 660 665 670 

AiST ATT CCA GTC AGT GCC AGA GTA GCG ACA TAT TTG CCT GCT CCA OAA 2366 
Ser He Pro Val Ser Ala Arg Val Ala Thr Tyr Leu Pro Ala Pro Glu 
675 680 685 

GGT CTG AAA TTC AAA TCT GTT AGA GAA ACG TCT GTC CAG GTG GAA TGG 2414 
Gly Leu Lys Phe Lys Ser Val Arg Glu Thr Ser Val Gin Val Glu Trp 
690 695 700 

GAT CCT CTG AGC ATT TCC TTT GAT GGC TGG GAG CTG GTC TTT CGT AAT 2462 
Asp Pro Leu Ser He Ser Phe Asp Gly Trp Glu Leu Val Phe Arg Asn 
70S 710 715 
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too CAG AAA AAG GAT OAT AAT GQA GAC ATA ACC AGC AGC TTG AAA AGG 
Met ain Lys Lye Asp Asp Aan Gly Asp lie Thr Ser Ser Leu L-ya Arg 
720 72S 730 

CCG GAG ACA TCA TAT ATQ CAG CCA GGA TTG OCA CCA GQA CAA CAG TAT 
Pro Glu Thr Ser Tyr Met Gin Pro Gly I^u Ala Pro Gly Gin Gin Tyr 
735 740 ■'45 7S0 

AAT GTA TCC CTT CAT ATA GTG AAA AAC AAT ACC AGA GQA CCA GGG CTA 
Asn Val Ser Leu His He Val Lys Asn Asn Thr Arg Gly Pro Gly Leu 
755 760 765 

TCC CGA GTG ATA ACC ACA AAA CTC GAT GCC CCT AGC CAG ATT GAG GCO 
Ser Arg Val He Thr Thr Lys Leu Asp Ala Pro Ser Gin He Glu Ala 
770 775 780 

AAA OAT GTC ACA GAC ACC ACA GCT CTG ATC ACA TGG TCC AAA CCC TTG 
Lys Asp val Thr Asp Thr Thr Ala Leu He Thr Trp Ser Lys Pro Leu 
785 790 795 

OCT GAA ATT GAA GGC ATA GAG CTC ACA TAT GGC CCC AAG GAT GTT CCA 
Ala Glu He Glu Gly He Glu Leu Thr Tyr Gly Pro Lys Asp Val Pro 

800 805 810 

GOO GAC AGG ACT ACC ATT GAC CTC TCT GAG GAT GAA AAC CAA TAT TCT 
Gly Asp Arg Thr Thr He Asp Leu Ser Glu Asp Glu Asn Gin Tyr Ser 
815 820 825 830 

ATT GGA AAC CTC AGG CCA CAC ACA GAA TAT GAA TAT GAA GTG ACA CTC 
He Gly Asn Leu Arg Pro His Thr Glu Tyr Glu Tyr Glu Val Thr Leu 
835 840 845 

ATT TCT CGO CGA GGG GAC ATC GAG ACT GAC CCT GCA AAA GAA GTC TTT 
He Ser Arg Arg Gly Asp Met Glu Ser Asp Pro Ala Lys Glu Val Phe 
850 855 860 

GTC ACA GAC TTG OAT GCT CCA CGA AAC CTC AAG CGA GTC TCA CAG ACA 
Val Thr Asp Leu Asp Ala Pro Arg Asn Leu Lys Arg Val Ser Gin Thr 
865 870 875 

GAC AAC AGC ATT ACT TTC GAG TGG AAG TTC AGC CAT GCA AAT ATT GAT 
Asp Asn Ser He Thr Leu Glu Trp Lys Phe Ser His Ala Asn He Asp 
880 B85 890 

AAT TAC CGA ATT AAG TTT GCT CCC ATT TCT GGT GGA GAC CAC ACT GAG 
Asn Tyr Arg He Lys Phe Ala Pro He Ser Gly Gly Asp His Thr Glu 
895 900 905 910 

CTC ACA GTC CCA AAG GGC AAC CAA GCA ACA ACC AGA GCT ACA CTC ACA 
Leu Thr Val Pro Lys Gly Asn Gin Ala Thr Thr Arg Ala Thr Leu Thr 
915 920 925 
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CAG OAC AGG GAA AGT GCT CCT GCT ACC ATT AAT GCT GGC ACT GAT CTT 3182 
Oln Asp Arg Glu Ser Ala Pro Ala Thr lie Asn Ala Gly Thr Asp Ijeu 
945 950 955 

OAT AAC CCC AAG GAC TTG GAA GTC AGT GAC CCC ACT GAA ACC ACC CTS 3230 
Asp Asn Pro Lys Asp Leu Glu Val Ser Asp Pro Thr Glu Thr Thr Leu 
960 965 970 

TCC CTT CGC TGG AGA AGA CCA GTG GCC AAA TTT GAT COT TAC CGC CTC 3278 
8er Leu. Arg Trp Arg Arg Pro Val Ala Lys Phe Asp Arg Tyr Arg Leu 
97S 980 985 990 

ACT TAC GTT AGC CCC TCT GGA AAG AAG AAC GAA ATG GAQ ATC CCT GTG 3326 
Thr Tyr Val Ser Pro Ser Gly Lys Lys Asn Glu Met Glu lie Pro Val 
995 1000 1005 

OAC AGC ACC TCT TTT ATC CTG AGA GGA TTA GAC GCA GGG ACG GAQ TAC 3374 
Asp Ser Thr Ser Phe lie Leu Arg Gly Leu Asp Ala Gly Thr Glu Tyr 
1010 1015 1020 

ACC ATC AGT CTA GTG GCA GAG AAA GGC AGA CAC AAA AGC AAA CCC ACA 3422 
Thr He Ser I^u Val Ala Glu Lys Gly Arg His Lys Ser Lys Pro Thr 
1025 1030 1035 

ACC ATC AAG CGT TCG ACT GAG GAA GAA CCT GAG CTT GGA AAC TTA TCA 3470 
Thr lie Lys Gly Ser Thr Glu Glu Glu Pro Glu Leu Gly Asn Leu Ser 
1040 1045 1050 

OTO TCA GAG ACT GGC TGG GAT GGT TTC CAG CTC ACC TGG ACA GCA GCC 3518 
Val Ser Glu Thr Gly Trp Asp Gly Phe Gin Leu Thr Trp Thr Ala Ala 
1055 1060 1065 1070 

OAC GGG GCC TAT GAG AAC TTT GTC ATT CAG GTG CAG CAG TCT GAC AAT ' 3566 
Asp Gly Ala Tyr Glu Asn Phe Val He Gin Val Gin Gin Ser Asp Asn 
1075 1080 1085 

CCA GAA GAA ACC tOG AAC ATT ACA GTC CCC GGC GGA CAG CAC TCT GTG 3614 
Pro Glu Glu Thr Trp Asn lie Thr Val Pro Gly Gly Gin His Ser Val 
1090 1095 1100 

AAC GTT ACA GGC CTC AAG GCC AAC ACA CCT TAT AAC GTC ACA CTT TAC 3662 
Ash Val Thr Gly Leu Lys Ala Asn Thr Pro Tyr Asn Val Thr Leu Tyr 
1105 1110 1115 

GOT GTG ATT CGA GGC TAC AGA ACC AAA CCC CTT TAT GTT GAA ACC ACQ 3710 
Oly Val He Arg Gly Tyr Arg Thr Lys Pro Leu Tyr Val Glu Thr Thr 
1120 1125 1130 

ACA GGA OCA CAC CCC GAA GTT GGT GAG CTA ACC GTT TCC GAC ATT ACT 3758 
Thr Gly Ala His Pro Glu Val Gly Glu Leu Thr Val Ser Asp He Thr 
1135 1140 1145 1150 

CCT GAA AGC TTC AAC CTT TCT TGG ACG ACC ACC AAC GGG GAC TTT GAC 3806 
Pro Glu Ser Phe Asn Leu Ser Trp Thr Thr Thr Asn Gly Asp Phe Asp 
1155 1160 1165 
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GCC TTT ACT ATT GAA ATT ATT GAT TCT AAC AGG TTG CTG GAG CCC ATG 3854 
Ala Phe Thr lie Glu lie lie Asp Ser Asn Arg Leu Leu Glu Pro Met 
1170 1175 1180 

GAG TTC AAC ATC TCA GGC AAT TCA AGA ACA 6CT CAT ATC TCA GGG CTT 3902 
Glu Phe Asn lie Ser Gly Asn Ser Arg Tbr Ala ais lie Ser Gly Leu 
1185 1190 1195 

TCC CCC AGC ACT GAT TTT ATT 6TC TAG CTC TAT GGG ATC TCT CAT OGT 3950 
Ser Pro Ser Thr Asp Phe He Val Tyr Leu Tyr Gly Zle Ser His oly 
1200 1205 1210 

TTC CGC ACA CAG GCA ATA AGT GCT GCG GCT ACA ACA GAG 6CA GAA CCC 3998 
Phe Arg Thr Gin Ala Zle Ser Ala Ala Ala Thr Thr Glu Ala Glu Pro 
1215 1220 1225 1230 

GAG GTG GAC AAC CTT CTG GTT TCA GAT GCT ACC CCA GAC GGC TTC CGT 4046 
Glu Val Asp Asn Leu Leu Val Ser Asp Ala Thr Pro Asp Gly Phe Arg 
1235 1240 1245 

CTG ACC TGG ACT GCA GAT GAT GGG GTT TTC GAC AGT TTT GTT CTA AAA 4094 
Leu Thr Trp Thr Ala Asp Asp Gly Val Phe Asp Ser Phe Val Leu Lys 
1250 1255 1260 

ATC AGG GAT ACC AAA AGG AAA TCT GAT CCA CTG GAA CTC ATT GTA CCA 4142 
lie Arg Asp Thr Lys Arg Lys Ser Asp Pro Ijeu Glu Leu He Val Pro 
1265 1270 1275 

GGC CAT GAG CGC ACC CAT GAT ATA ACA GGG CTG AAA GAG GGC ACT GAG 4190 
Gly His Glu Arg Thr His Asp He Thr Gly Leu Lys Glu Gly Thr Glu 
1280 1285 1290 

TAT GAA ATT GAG CTC TAT GGA GTT AGC AGT GGA CGG CGC TCC CAA CCC 4238 
Tyr Glu He Glu Leu Tyr Gly Val Ser Ser Gly Arg Arg Ser Gin Pro 
1295 1300 1305 1310 

ATA AAT TCA GTA GCA ACC ACA GTT GTG GGA TCT CCC AAG GGA ATC TCT 4286 
He Asn Ser Val Ala Thr Thr Val Val Gly Ser Pro Lys Gly He Ser 
1315 1320 1325 

TTC TCG GAC ATC ACA GAA AAC TCT GCT AGA GTC AGC TGG ACA CCC CCC 4334 
Phe Ser Asp He Thr Glu Asn Ser Ala Arg Val Ser Trp Thr Pro Pro 
1330 1335 1340 

CGC AGC CGT GTG GAT AGC TAC AGG GTC TCC TAT GTC CCC ATC ACA GGC 4382 
Arg Ser Arg Val Asp Ser Tyr Arg Val Ser Tyr Val Pfo He Thr Gly 
1345 1350 1355 

GGC ACT CCC AAT GTT GTT ACA GTT GAT GGA AGC AAG ACA AGG ACA AAG 4430 
Gly Thr Pro Asn Val Val Thr Val Asp Gly Ser Lys Thr Arg Thr Lys 
1360 1365 1370 

CTG GTG AAG TTA GTC CCA GGT GTA GAC TAC AAC GTT AAT ATC ATC TCT 4478 
Leu Val Lys Leu Val Pro Gly Val Asp Tyr Asn Val Asn Zle He Ser 
1375 1380 1385 1390 
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OTQ AAA OGC TTT GAA OAA AGC QAA CCC ATT TCT OGA ATT CTG AAA ACA 
Val Lys aiy Phe Glu Olu Ser Qlu Pro lie Ser Oly He Leu Lys Thr 
1395 1400 1405 

OCT CTO GAC AGC CCO TCA GGA CTG OTA GTG ATG AAC ATT ACA GAC TC6 
Ala Leu Aap Ser Pro Ser Gly Leu Val Val Met Asn He Thr Asp Ser 
"10 1415 1420 

GAO OCT CTG OCA ACC TOO CAG CCT GCA ATT GCA GCT OTQ GAT AAT TAG 
Glu Ala Leu Ala Thr Trp Gin Pro Ala He Ala Ala Val Asp Asn Tyr 
1425 1430 1435 

ATT GTC TCC TAC TCT TCT GAG GAT GAG CCA GAA OTT ACA CAG Kz6 OTA 
He Val Ser Tyr Ser Ser Glu Asp Olu Pro Glu Val Thr Gin Met Val 
1440 1445 1450 

TCA GGA AAC ACA GTG GAG TAC GAC CTO AAT GGC CTT CGA CCT GCQ ACA 
Ser Gly Asn Thr Val Glu Tyr Asp Leu Asn Gly Leu Keg Pro Ala Thr 
1455 1460 I4fi5 1470 

GAG TAC ACC CTG AGG GTG CAT GCA GTG AAG GAT GCO CAG AAG AGC GAG 
Qlu Tyr Thr Leu Arg Val His Ala Val Lys Asp Ala Gin Lys Ser Glu 
1475 1480 1485 

ACC CTC TCC ACC CAG TTC ACT ACA GGA CTC GAT GCT CCA AAA GAT TTA 
Thr Leu Ser Thr Gin Phe Thr Thr Gly Leu Asp Ala Pro Lys Asp Leu 
1490 1495 1500 

AGT GCT ACC GAG GTT CAG TCA GAA ACA GCT GTG ATA ACG TGG AGG CCT 
Ser Ala Thr Qlu Val Gin Ser Qlu Thr Ala Val He Thr Trp Arg Pro 
1S05 1510 1515 

CCA C6T OCT CCT GTC ACT GAT TAC CTC CTG ACC TAC GAG TCC ATT GAT 
Pro Arg Ala Pro Val Thr Asp Tyr Leu Leu nir Tyr Glu Ser He Asp 
1520 1525 1530 

GGC AGA QTC AAG GAA GTC ATC CTA GAC CCT GAO ACG ACC TCC TAC ACC 
Qly Arg Val Lys Glu Val He Leu Asp Pro Qlu Thr Thr Ser Tyr Thr 
1535 1540 1545 1550 

CTG ACA GAG CTG AGC CCA TCC ACT CAA TAC ACA GTG AAA CTT CAG GCA 
Leu Thr Glu Leu Ser Pro Ser Thr din Tyr Thr Val Lys Leu Gin Ala 
1S55 1560 1565 

CiX3 AGC AGA TCT ATG AGG AGC AAA ATG ATC CAG ACT GTT TTC ACC ACA 
Leu Ser Arg Ser Met Arg Ser Lys Met He Oln Thr Val Phe Thr Thr 
1570 1575 1580 

ACT GOT CTT CTT TAT CCT TAT CCT AAA GAC TGC TCC CAA GCT CTC CTG 
Thr Gly Leu Leu Tyr Pro Tyr Pro Lys Asp Cys Ser Gin Ala Leu Leu 
1585 1590 1595 

AAT GGA GAG GTC ACC TCT GGG CTC TAC ACT ATT TAT CTG AAT GGA GAC 
Asn Gly Olu Val Thr Ser Gly Leu Tyr Thr He Tyr Leu Asn Gly Asp 
1600 1605 1610 
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AGO ACA CAG CCT CTG CAA GTC TTC TGT GAC ATG GCT GAA GAT GGA OGC 
Arg Thr Gin Pro I«u Gin Val Phe Cya Asp Met Ala Glu Aap Gly Gly 
1615 1620 X625 1630 

GOA TGG ATT GTO TTC CTG AGG CGT CAA AAT GGA AAG GAA GAT TTC TAC 
Gly Trp lie Val Phe Leu Arg Arg Gin Asn Gly Lyo Glu Aap Phe Tyr 
1635 1640 1645 

AGO AAC TGG AAG AAT TAC GTG GCC OGC TTT GGA GAT CCC AAG GAT GAA 
Arg Asn Trp Lys Asn Tyr Val Ala Gly Phe Gly Asp Pro Lys Asp Glu 
1650 16SS 1660 

TTC TGG ATA GGT CTG GAS AAC CTC CAC AAA ATC ACC TCT CAG GGG CAG 
Phe Trp lie Gly I*u Glu Asn Leu His Lys lie Ser Ser Gin Gly Gin 
1665 1670 1675 

TAC GAG CTG CGT GTG GAT CTG AGA GAC AGA GOT GAG ACA GCC TAT GCT 
Tyr Glu Leii Arg Val Asp Leu Arg Asp Arg Gly Glu Thr Ala Tyr Ala 
1680 1685 1690 

GTG TAC GAC AAG TTC AGC GTT GGA GAT GCC AAG ACC CGG TAC CGG CTG 
Val Tyr Asp Lys Phe Ser Val Gly Asp Ala Lys Thr Arg Tyr Arg Leu 
1695 1700 1705 1710 

AGG GTG GAT GGC TAC AGT GGC ACA GCA GGT GAC TCC ATG ACC TAC CAT 
Arg Val Asp Gly Tyr Ser Gly Thr Ala Gly Asp Ser Met Thr Tyr His 
1715 1720 1725 



AAT GGA AGA TCC TTC TCC ACT TTT GAC AAG GAC AAT GAT TCT GCT ATC 
Asn Gly Arg Ser Phe Ser Thr Phe Asp Lys Asp Asn Asp Ser Ala lie 
1730 1735 1740 

ACC AAC TGT GCT TTG TCA TAC AAG GGT OCT TTC TGG TAC AAG AAT TGT 
Thr Asn Cys Ala Leu Ser Tyr Lys Gly Ala Phe Trp Tyr Lys Asn Cys 
1745 1750 1755 

CAC CGA GTC AAT CTG ATG GGC AGA TAT GGT GAC AAC AAC CAC AGT CAG 
His Arg Val Asn Leu Met Gly Arg Tyr Gly Asp Asn Asn His Ser Gin 
1760 1765 1770 

GGT GTT AAT TGG TTC CAC TGG AAG GGC CAC GAA TAC TCC ATC CAG TTT 
Gly Val Asn Trp Phe His Trp Lys Gly His Glu Tyr Ser lie Gin Phe 
1775 1780 1785 1790 

OCAGAGATGAAACTGAGACCCTCCAGCTTTCGGAATCTGGAAGGAAGA 
Ala Glu Met Lys Leu Arg Pro Ser Ser Phe Arg Asn Leu Glu Gly Arg 
1795 1800 1B05 

CGA AAG CGA GCA TA AAGCCTTGGG ATGGTGAAAO GGCTACGGGC AGGGCAACAT 
Arg Lys Arg Ala 
181 

GGGGAGGGAC AGAGAGCGGG GGGCATGGGA GGATCTCTGG CATCACTGGG GTTATGGGTG 
TGAGGAGCTG GTAGTCGTAC CAAAGCATCG CAACCCTTGG CACAAGAGCC CAAACAACGA 



5840 
5900 
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OCCTTACGTG TCCCAQCAAT TCCAGCUSU3 C3U3CTCCRGC TCtGCCCJlCT QCTSATOTCC 5960 

TTCACQCCAA AflACAACOAT CTCAAGGGTT GTATGCTGTT TTCTTCATTT TTCTTTTCTC 6020 

AaCCTCTGGQ ATGAAGTTCT TCCACQOCa 6049 

(2) ZHFORMATIGN FOR SEQ ID NO: 4: 

(i) SE Q UK NCE CHABACTERISTICS: 

(A) LENOTH: 1810 amino aclda 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECDLB TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Met Gly I,eu Pro Ser Gin Val Leu Ala Cys Ala lie Leu Gly Leu Leu 
15 10 15 

Tyr Gin His Ala Ser Gly Gly Leu lie Lya Arg lie lie Arg Gin Lys 
20 25 30 

Arg Glu Thr Gly Leu Asn Val Thr Leu Pro Glu Aap Asn Gin Pro Val 
35 40 45 

Val Phe Aan His Val Tyr Asn lie Lys Leu Pro Val Gly Ser Leu Cys 
50 55 60 

Ser Val Asp Leu Aap Thr Ala Ser Gly Asp Ala Asp Leu Lys Ala Glu 
65 70 75 80 

lie Glu Pro Val Lys Asn Tyr Glu Glu His Thr Val Aan Glu Gly Asn 
85 90 95 

Oln lie Val Phe Thr His Arg lie Asn lie Pro Arg Arg Ala Cys Gly 
100 105 110 

Cy» Ala Ala Ala Pro Asp lie Lys Asp Leu Leu Ser Arg Leu Glu Glu 
US 120 125 

Leu Glu Gly Leu Val Ser Ser Leu Arg Glu Gin Cys Ala Ser Gly Ala 
130 135 140 

Gly Cys Cys Pro Asn Ser Gin Thr Ala Glu Gly Arg Leu Asp Thr Ala 
145 150 155 160 

Pro Tyr Cys Ser Gly His Gly Asn Tyr Ser Thr Glu He Cys Gly Cys 
165 170 175 

Val Cys Glu Pro Gly Trp Lya Gly Pro Asn Cys Ser Glu Pro Ala Cys 
180 185 190 

Pro Arg Asn Cys Leu Asn Arg Gly Leu Cys Val Arg Ala Lys Cys He 
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Cya Glu Glu Gly Phe Thr Gly Glu Asp Cya Ser Gin Ala Arg Cya Pro 
210 215 220 

Ser Asp Cya Asn Asp Gin Gly Lya Cys Val Asp Gly Val Cya Val Cya 
225 230 235 240 

Phe Glu Gly Tyr Thr Gly Pro Asp Cys Gly Glu Glu Leu Cya Pro Hla 
245 250 255 

Gly Cya Gly He Hia Gly Arg Cya Val Gly Gly Axg Cya Val Cya Hla 
260 265 270 

Glu Gly Phe Thr Gly Glu Aap Cya Asn Glu Pro Leu Cys Pro Asn Asn 
275 280 285 

Cys His Asn Arg Gly Arg Cys Val Asp Asn Glu Cys Val Cys Asp Glu 
230 295 300 

Gly Tyr Thr Gly Glu Aap Cya Gly Glu Leu He Cya Pro Asn Asp Cys 
305 310 315 320 

Phe Asp Arg Gly Arg Cys He Asn Gly Thr Cys Phe Cys Glu Glu Gly 
325 330 335 

Tyr Thr Gly Glu Asp Cya Gly Glu Leu Thr Cys Pro Asn Asn Cys Asn 
340 345 350 

Gly Asn Gly Arg Cys Glu Asn Gly Leu Cys Val Cya His Glu Gly Phe 
355 360 365 

Val Gly Asp Asp Cys Ser Gin Lys Arg Cys Pro Lys Thr Cys Asn Asn 
370 . 375 380 

Arg Gly Arg Cys Val Asp Gly Arg Cys Val Cys His Glu Gly Tyr Leu 
385 390 395 400 

Gly Glu Asp Cys Gly Glu Leu Arg Cya Pro Asn ASp Cys His Asn Arg 
405 410 415 

Gly Arg Cys He Asn Gly Gin Cys Val Cys Aap Glu Gly Phe He Gly 
420 425 430 

Glu Asp Cys Gly Glu Leu Arg Cys Pro Asn Asp Cys Gin Gin Arg Gly 
435 440 445 

Arg Cya He Aan Gly Gin Cya Glu Cya Hia Glu Gly Phe He Gly Glu 
450 455 460 



Aap Cya Gly Glu Leu Arg Cys Pro Asn Asp Cys Asn Ser Hia Gly Arg 

465 470 475 480 

Cys Val Asn Gly Gin Cys Val Cys Asp Glu Gly Tyr Thr Gly Glu Asp 

485 490 495 
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Cys Gly Glu Ijeu Arg Cya Pro Asn Asp Cys Bis Asn Arg Gly Arg Cys 
500 505 510 

Val Olu Gly Arg Cys Val Cys Asp Asn Gly Phe Met Gly Glu Asp Cys 
515 520 525 

Gly Glu I<eu Ser Cys Pro Asn Asp Cys His Gin His Gly Arg Cys Val 
530 535 540 

Asp. Gly Arg Cys Val Cys His Glu Gly Phe Thr Gly Glu Asp Cys Arg 
545 550 555 560 

Glu Arg Ser Cys Pro Asn Asp Cys Asn Asn Val Gly Arg Cys Val Olu 
565 570 575 

Gly Arg Cys Val Cys Glu Glu Gly Ty*' Met Gly lie Asp Cys Ser Asp 
580 585 590 

Val Ser Pro Pro Thr Gly Leu Thr Val Thr Asn Val Thr Asp Lya Thr 
595 600 605 

Val Asn lieu Glu Trp Lys Bis Olu Asn Leu Val Asn Glu Tyr Leu Val 
610 615 620 

Thr Tyr Val Pro Thr iser Ser Gly Gly Leu Asp Leu Gin Phe Thr Val 
625 630 635 640 

Pro Gly Asn Gin Thr Ser Ala Thr He Bis Olu Leu Glu Pro Gly Val 
645 650 655 

dlu Tyr Phe Xle Arg Val Phe Ala He Leu Lys Asn Lys Lys Ser He 
660 665 670 

Pro Val Ser Ala Arg Val Ala Thr Tyr Leu Pro Ala Pro Glu Gly Leu 
675 680 685 

Lys Phe Lys Ser Val Arg Glu Thr Ser Val Gin Val Glu Trp Asp Pro 
690 695 700 

I.eu Ser He Ser Phe Asp Gly Trp Glu Leu Val Phe Arg Asn Met Oln 
70S 710 715 720 

Lys Lys Asp Asp Asn Gly Asp He Thr Ser Ser Leu Lys Arg Pro Olu 
725 730 735 

Thr Ser Tyr Met Gin Pro Gly Leu Ala Pro Gly Oln Gin Tyr Asn Val 
740 745 750 

Ser Imu . Bis He Val Lys Asn Asn Thr Arg Gly Pro Gly Leu Ser Arg 
755 760 765 

Val He Thr Thr Lys Leu Asp Ala Pro Ser Gin He Glu Ala Lys Asp 
770 775 780 

Val Thr Asp Thr Thr Ala Leu He Thr Trp Ser Lys Pro Leu Ala Glu 
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785 790 795 800 

lie Glu Gly lie Glu IjCU Thr Tyr Gly Pro Lys Asp Val Pro Gly Asp 
805 810 815 

Arg Thr Thr He Asp Leu Ser Glu Asp Glu Aan Gin Tyr Ser He Gly 
820 825 830 

Asn Ii€u Arg Pro His Thr Glu Tyr Glu Tyr Glu Val Thr l«u He Ser 
835 840 845 

Arg Arg Gly Asp Met Glu Ser Asp Pro Ala Lys Glu Val Phe Val Thr 
850 855 860 

Asp Leu Asp Ala Pro Arg Asn Leu Lys Arg Val Ser Gin Thr Asp Asn 
865 870 875 880 

Ser He Thr Leu Glu Trp Lys Phe Ser His Ala Asn He Asp Asn Tyr 
885 890 895 

Arg He Lys Phe Ala Pro He Ser Gly Gly Asp His Thr Glu Leu Thr 
900 905 910 

Val Pro Lys Gly Asn Gin Ala Thr Thr Arg Ala Thr Leu Thr Gly Leu 
915 920 925 

Arg Pro Gly Thr Glu Tyr Gly He Gly Val Thr Ala Val Arg Gin Asp 
930 935 940 

Arg Glu Ser Ala Pro Ala Thr He Asn Ala Gly Thr Asp Leu Asp Asn 
945 950 955 960 

Pro Lys Asp Leu Glu Val Ser Asp Pro Thr Glu Thr Thr Leu Ser Leu 
965 970 975 

Arg Trp Arg Arg Pro Val Ala Lys Phe Asp Arg Tyr Arg L«u Thr Tyr 
980 985 990 

Val Ser Pro Ser Gly Lys Lys Asn Glu Met Glu He Pro Val Asp Ser 
995 1000 1005 

Thr Ser Phe He Leu Arg Gly Leu Asp Ala Gly Thr Glu Tyr Thr He 
1010 lOlS 1020 

Ser Leu Val Ala Glu Lys Gly Arg His Lys Ser Lys Pro Thr Thr He 
1025 1030 1035 1040 

Lys Gly Ser Thr Glu Glu Glu Pro Glu Leu Gly Asn Leu Ser Val Ser 
1045 lOSO 1055 

Glu Thr Gly Trp Asp Gly Phe Gin Leu Thr Trp Thr Ala Ala Asp Gly 
1060 1065 1070 

Ala Tyr Glu Asn Phe Val He Gin Val Gin Gin Ser Asp Asn Pro Glu 
1075 1080 1085 
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Glu Thr Trp Asn He Thr Val Pro Gly Gly Gin His Ser Val Asn Val 
1090 1095 1100 

rbx Gly Leu Lye Ala Asn Thr Pro Tyr Asn Val Thr Leu Tyr Gly Val 
llOS 1110 1120 

He Arg Gly Tyr Arg Thr Lya Pro Leu Tyr Val Glu Thr Thr Thr Gly 
1125 1130 1135 

Ala His Pro Glu Val Gly Glu Leu Thr Val Ser Asp He Thr Pro Glu 
1140 11*5 IISO 

Ser Phe Asn Leu Ser Trp Thr Thr Thr Asn Gly Asp Phe Asp Ala Phe 
1155 1160 

Thr He Glu He He Asp Ser Asn Arg Leu Leu Glu Pro Met Glu Phe 
1170 1175 1180 

Asn He Ser Gly Asn Ser Arg Thr Ala His He Ser Gly Leu Ser Pro 
1185 1190 1195 1200 

Ser Thr Asp Phe He Val Tyr Leu Tyr Gly He Ser His Gly Phe Arg 
1205 1210 1215 

Thr Gin Ala He Ser Ala Ala Ala Thr Thr Glu Ala Glu Pro Glu Val 
1220 1225 1230 

Asp Asn Leu Leu Val Ser Asp Ala Thr Pro Asp Gly Phe Arg Leu Thr 
1235 1240 1245 

Trp Thr Ala Asp Asp Gly Val Phe Asp Ser Phe Val Leu Lys He Arg 
1250 1255 1260 

Asp Thr Lys Arg Lys Ser Asp Pro Leu Glu Leu He Val Pro Gly His 
1265 1270 1275 12B0 

Glu Aig Thr His Asp He Thr Gly Leu Lys Glu Gly Thr Glu Tyr Glu 
1285 1290 1295 

He Glu Leu Tyr Gly Val Ser Ser Gly Arg Arg Ser Gin Pro He Asn 
1300 , 1305 1310 

ser Val Ala Thr Thr Val Val Gly Ser Pro Lys Gly He Ser Phe Ser 
1315 1320 1325 



: Ala Arg Val Ser Trp Thr Pro Pro Arg Ser 



Arg Val Asp Ser Tyr Arg Val Ser Tyr Val Pro lie Thr Gly Gly Thr 
13!5 1350 1355 1360 

Pro Asn Val Val Thr Val Asp Gly Ser Lys Thr Arg Thr Lys Leu Val 
1365 1370 1375 

Val Asn He He Ser Val Lys 



Lys , Leu Val Pro Gly Val Asp Tyr Asn 
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13B0 



1365 



1390 



Qiy Phe Glu Glu Ser Glu Pro lie Ser Gly lie I.eu Lys Thr Ala Leu 
1395 1400 1405 

Asp Ser Pro Ser Gly Leu Val Val Met Asn lie Thr Asp Ser Glu Ala 
1410 1415 1420 

l«u Ala Thr Trp Gin Pro Ala lie Ala Ala Val Asp Asn Tyr lie Val 
1425 1430 1435 1440 

Ser Tyr Ser Ser Glu Asp Glu Pro Glu Val Thr Gin Met Val Ser Gly 
1445 1450 1455 

Asn thr Val Glu Tyr Asp l«u Asn Gly Leu Arg Pro Ala thr Glu Tyr 
1460 1465 1470 

thr Leu Arg Val His Ala Val Lys Asp Ala Gin Lys Ser Glu thr Leu 
1475 1480 1485 

Ser Thr Gin Phe Thr Thr Gly Leu Asp Ala Pro Lys Asp Leu Ser Ala 
1490 1495 1500 

Thr Glu Val Gin Ser Glu Thr Ala Val He Thr Trp Arg Pro Pro Arg 
1505 1510 1S15 1520 

Ala Pro Val Thr Asp Tyr Leu Leu Thr Tyr Glu Ser He Asp Gly Arg 
1525 1530 1535 

Val Lys Glu Val He Leu Asp Pro Glu Thr Thr Ser Tyr Thr Leu thx 
1540 1545 1550 

Glu Leu Ser Pro Ser Thr Gin Tyr Thr Val Lys Leu Gin Ala Leu Ser 
1555 1S60 1565 

Arg Ser Met Arg Ser Lys Met He Gin Thr Val Phe Thr Thr Thr Gly 
1570 1575 1S80 

Leu Leu Tyr Pro Tyr Pro Lys Asp Cys Ser Gin Ala Leu Leu Asn Gly 
1585 1590 1595 1600 

Glu Val Thr Ser Gly Leu Tyr Thr He Tyr Leu Asn Gly Asp Arg Thr 
1605 1610 1615 

Gin Pro Leu Gin Val Phe Cys Asp Met Ala Glu Asp Gly Gly Gly Trp 
1620 1625 1630 

He Val Phe Leu Arg Arg Gin Asn Gly Lys Glu Asp Phe Tyr Arg Asn 
1635 1640 1645 

Trp Lys Asn Tyr Val Ala Gly Phe Gly Asp Pro Lys Asp Glu Phe Trp 
1650 1655 1660 

He Gly Leu Glu Asn Leu His Lys He Ser Ser Gin Gly Gin Tyr Glu 



1665 



1670 



1675 



1680 
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Leu Arg Val Asp I<eu Arg Asp Arg Gly Glu Tbr Ala Tyr Ala Val Tyr 
1685 1690 1695 

Asp Lys Phe Ser Val Gly Asp Ala Lys Thr Arg Tyr Arg lieu Arg Val 
1700 1705 1710 

Asp Gly Tyr Ser Gly Thr Ala Gly Asp Ser Met Thr Tyr His Asn Gly 
1715 1720 1725 

Arg Ser Phe Ser Thr Phe Asp Lys Asp Asn Asp Ser Ala lie Thr Asn 
1730 X735 1740 

Cy« Ala Leu Ser Tyr Lys Gly Ala Phe Trp Tyr Lys Asn Cys His Arg 
1745 1750 1755 1760 

Val Asn I-eu Met Gly Arg Tyr Gly Asp Asn Asn His Ser Glh Gly Val 
1765 1770 1775 

Asn Trp Phe His Trp Lys Gly His Glu Tyr Ser He Gin Phe Ala Glu 
17B0 1785 1790 

Met Lys Leu Arg Pro Ser Ser Phe Arg Asn Leu Glu Gly Arg Arg Lys 
1795 1800 1805 

Arg Ala 
1810 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQOEHCE CHARACTERISTICS: 

(A) LENGTH: 89 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Leu Asp Ala Pro Ser Gin He Glu Val Lys Asp Val Thr Asp Thr Thr 
1 5 10 15 

Ala Leu He Thr Trp Phe Lys Pro Leu Ala Glu He Asp Gly He Glu 
20 25 30 

Leu Thr Tyr Gly He Lys Asp Val Pro Gly Asp Arg Thr Thr He Asp 
35 40 45 

Leu Thr Glu Asp Glu Asn Gin Tyr Ser He Gly Asn Leu Lys Pro Asp 
SO 55 60 

Thr Glu Tyr Glu Val Ser Leu He Ser Arg Arg Gly Asp Met Ser Ser 
65 70 75 80 
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Asn Pro Ala Ly« Glu Thr Phe Thr Thr 
B5 

(2) IHFORMATIOM FOR SEQ ID »I0:6: 

(i) SEQOENCE C3JARACTBRISTICS: 

(A) l-ftw uTHi S9 amino acids 

(B) TYPE: amino acid 
(D) TOPOUX3Y: linear 

(ii) MOIjECOLE TYPE: protein 



(Xi) SEQOENCE DESCRIPTION: SEQ ID »0:6: 

Leu Asp Ala pro Ser His He Glu Val I-ya Asp Val Thr Asp Thr Thr 
1 S 10 15 

Ala Leu He Thr Trp Phe Lys Pro Leu Ala Glu He Asp Ser He Glu 
20 25 30 

Leu ser Tyr Gly He Lys Asp Val Pro Gly Asp Arg Thr Thr He Asp 

35 *0 *S 

Leu Thr His Glu Asp Asn Gin Tyr Ser He Gly Asn Leu Arg Pro Asp 
50 55 60 

Thr Glu Tyr Glu Val Ser Leu He Ser Arg Arg Val Asp Met Ala Ser 
65 70 75 

Asn Pro Ala Lys Glu Thr Phe He Thr 



(2) ikTORhBVriON POR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 89 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(Xi) 



SEQUENCE DESCRIPTION: SEQ ID NO:7: 



Leu Asp Ala Pro Ser Gin He Glu 

5 10 



Ala Lys Asp Val Thr Asp Thr Thr 
10 15 

Ala Leu He Thr Trp Ser Lys Pro Leu Ala Glu He Glu Gly He Glu 



Leu Thr Tyr Gly Pro Lys Asp 

,c 40 



Val Pro Gly Asp Arg Thr Thr He Asp 
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Leu Ser Glu Asp Glu Asn Gin Tyr Ser He Gly Aan Leu Arg Pro His 

SO 55 «0 

Thr Glu Tyr Glu Val Thr Leu He Ser Arg Arg Gly Asp Met Glu Ser 



Asp Pro 



Ala Lys Glu Val Phe Val Thr 



(2) ^INFORMATION FOR SEQ ID NO: 8: 

(i) SEQOBNCE CHARACTERISTICS: 

(A) LENGTH: 89 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



<xi) 



SEQOENCE DESCRIPTION: SEQ ID NO:B: 



Ala Met Gly Ser Pro Lys Glu Val He Phe Ser Asp He Thr Glu Asn 

.5 10 " 



Ser Ala Thr Val Ser Trp Arg J 



r Ala Pro Thr Ala Gin Val Glu Ser Phe 
25 30 

Arg He Thr Tyr Val Pro He Thr Gly Gly Thr Pro Ser Met Val Thr 

35 « *^ 

val ASP Gly Thr Lys Thr Gin Thr Arg Leu Val Lys Leu He Pro Gly 

50 55 60 

val Glu Tyr Leu Val Ser He He Ala Met Lys Gly Phe Glu Glu Ser 



Glu Pro 



Val Ser Gly Ser Phe Thr Thr 



INFORMATION FOR SEQ ID NO: 9: 

(i) SEQnENCE CHARACTERISTICS: 

(A) LENGTH: 89 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

Ala Met Gly Ser Pro Lys Glu He Met Phe Ser Asp He Thr Glu Asn 
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Ala Ala Tfar Val Ser Tzp Arg jUa Pro Tfar 2aa Gin Val Glu Ser Phe 



20 



30 



Arg lie Thr Tyr Val Pro Met Thr Oly Gly Ala Pro Ser Met Val Thr 
35 40 45 

Val Asp Gly Thr Asp Thr Glu Thr Arg Leu Val Lys Ijcu Thr Pro Gly 

50 55 £0 

Val Glu Tyr Arg Val Ser Val He Ala Met Liys Gly Phe Glu Glu Ser 
. 65 70 75 80 

Asp Pro Val Ser Gly Thr Leu He Thr 



(2) IM70RMATZ0M FOR SEQ IS HO: 10: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 89 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLBCOLB TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Val Val Gly Ser Pro Lys Gly He Ser Phe Ser Asp He Thr Glu Asn 
1 5 10 15 

Ser Ala Thr Val Ser Trp Thr Pro Pro Arg Ser Arg Val Asp Ser Tyr 
20 25 30 

Arg Val Ser Tyr Val Pro He Thr Gly Gly Thr Pro Asn Val Val Thr 
35 40 45 

Val Asp Gly Ser Lys Thr Arg Thr Lys Leu Val Lys Leu Val Pro Gly 
50 55 60 

Val Asp Tyr Asn Val Asn He He Ser Val Lys Gly Phe Glu Glu Ser 
65 70 75 80 

Glu Pro He Ser Oly He Leu Lys Thr 
85 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQCENCE DESCRIPTZOH: SEQ ZD NO: 11: 

Arg Qly Asp Ser Pro 
1 5 

(2) INFORMATIOK FOR SEQ ID K0:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOOV: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Arg Gly Asp Thr Pro 
1 5 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENQTH: 35 base pairs 

(B) TJfPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
TAATTOGATC COGOATCGAC TGTTCTGATQ TQTCT 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENQTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TAATTGGAAT TCAGGGGCAT CGAGTTTTGT GGTTAT 
(2) INFORMATION FOR SEQ ID NO: 15: 
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(i) SEQOEHCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEONBSS: single 

(D) tOPOljOGY: linear 

(ii) KOLECOLE TYPE: DNA (genomic) 



(xi) SEQOEMCE DESCRIPTION: SEQ ID NO: 15: 
TAATTGOATC CGAGTOATAA CCCAAAACTC GATQC 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I^ENQTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
TAATTGGAAT TCTGGAGCAT CCAAGTCTGT GACAAA 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (gentMnic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GCGGOATCCG ACTTGGATGC TCCACG 
(2) INFORMATION FOR SEQ ID NO:lB: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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<xi) SEQOEMCE DESCRIPTION: SEQ ID NO: 18: 
QOQQAATTCA GTGCCAOCAT TAATGGTAOC 
(2) INFOEMATION FOR SEQ ID NO: 19: 

(i) SEOOSHCE CHARACTERISTICS: 

(A) LENOTH: 29 base pairs 

(B) TYPE: xnidelc acid 

(C) STRANDEI»IESS: singl* 

(D) TOPOIXOY: linear 

(ii) MbLECDLE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GCGGGATCGA TCTTGUTAAC CCCAAOOAC 
(2) IN70RHATI0N FOR SEQ ID NO:20: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS : single 

(D) TOPOUXTT: linear 

(ii) MOI£Cai£ TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
OOOiSAATTCA CriXJUAACCCr TGATQGT 
(2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
GCGGGATCCG TTCTOGGATC TCCCAAG 
(2) INFOSMATKaJ FOR SEQ ID NO: 22: 
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CD SEQUENCE CHARACTERISTICS: 

(A) LEKGTU: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEmiESS : single 

(D) TOPOIOOY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GCGCTCGAGT GTTTTCAQ3UI TTCCAGAAAT GGGTTCGC 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDMESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
TAATTGGATC CCGAGGAAGA ACCTGAGCTT GGAAACTTA 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
TMMatOMi Tl-CXXJIUGrr GCTACTGAAT tTATGGGTTG GGAGCG 
(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I<EHGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
Arg Gly Asp Ser 



(2) IMFORHATION FOR SEQ ID M0:26: 

(i) SEQUENCE CHASACtERISTZCS: 

(A) LENCrrH: 27 base pairs 

(B) rrVE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOFOLOQY: linear 

(ii) WJLECOLE T»E: DMA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
GCOQGATCCA AACTCGATOC CCCTAGC 
(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) liENOTB: 24 loase pairs 

(B) TYPE: nucleic acid 

(D) TOPOIXXSY: linear ^ 
(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
iBOGCTOCSAQT GTOAGAAAQA CCTT 
(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENOTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
GCGCTCQAGG TTGTGGGATC TCCCAAG 
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We aaim: 

1 . A cytotactin (CD polypeptide substantlaliy homologous to at least a 
portion of the protein identified as SEQ ID NO 2 herein, wherein said polypeptide 
comprises not more than 250 amino add residues in length. 

2. A polypeptide according to claim 1 , wherein snd polypeptide is 
capable of stimulating neuronal cell attachment. 

3. . A polypeptide according to claim 1, wherein said polypeptide is 
capable of stimulating neurlte outgrowth. 

4. A polypeptide according to claim 1 , wherein said polypeptide is 
capable of stimulating cell elongation. 

5. A polypeptide according to claim 1 , incorporated into a bioabsorfoable 

matrix. 

6. A polypeptide according to claim 1, wherein said polypeptide 
comprises a fusion of two or more segments of the protein identified as SEQ ID NO 2 
herein. 

7. A polypeptide according to claim 1 , wherein said polypeptide has an 
aniino acid residue sequence selected from the group consisting of: 

SEQ ID NO 5: 
SEQ ID NO 6: 
SEQ ID NO 7; 
SEQ ID NO 8; 
SEQ ID NO 9; and 
SEQ ID NO 10. 

8. A polypeptide according to daim 1 , wherein said polypeptide is 
selected from the group consisting of CTfn3, CTfn6, and CTfn3-6. 

9. A cytotactin (CD polypeptide substantially homologous to at least a 
portidri of the protein identified as SEQ ID NO 4 herein, wherein said polypeptide 
comprises not more than 250 amino acid residues in length. 

10. A biological meterial comprising a bioabsorbable matrix and an 
effective amount of a pharmacologically active agent capable of affecting cell 
attachment, cell growth, or neurite outgrowth. 

1 1 . The biological material of claim 1 0, further comprising a collagen gel. 

12. The biological material of claim 10, wherein said egent comprises a 
cytotactin derivative. 

13. The biological material of claim 12. wherein said cytotactin derivative 
comprises human cytotactin (SEQ ID NO 2). 
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1 4. The biological material of daim 1 2, wherein said cytotactin derivative 
ieoniprises one or more cytotactin polypeptides. 

1 5. The biological material of daim 14, wherein said cytotactin 
polypeptides are selected from the group consisting of: 

SEQ ID NO 5; 
SEQ 10 NO 6; 
SEQ ID NO 7; 
SEQ ID NO 8; 
SEQ ID NO 9; and 
SEQ ID NO 10. 

1 6. The biological material of daim 1 2. wherein said cytotactin derivative 
comprises an anti-(CT idiotype) antibody. 

1 7. The biological material of claim 1 0, wherein said matrix comprises a 
bioabsorbable biopblymer. 

18. The biological material of daim 17, wherein said biopolymer 
comprises one or more macromolecules selected from the group consisting of 
collagen, elastin, fibronectin, vitronectin, laminin, hyaluronic add, chondroitin sulfate, 
dermatan sulfate, heparin sulfate, heparin, fibrin, cellulose, gelatin, polylysine, 
echlnonectin, entactin. thrombospondin, uvomorulin, biglycan, decorin. and dextran. 

19. The biological material of daim 10, wherein said matrix further 
Indudes a substructure comprising freeze dried sponge, powders, films, flaked or 
broken films, aggregates, microspheres, fibers, fiber bundles, or a combination 
thereof. 

20. The biological material of daim 10. wherein said matrix further 
indudes a solid support selected from the group consisting of: 

s prosthetic device; 

8 porous tissue culture insert; 

an implant; and 

a suture. 

21 . An antibody composition comprising antibody molecules capable of 
Inhibiting neurite outgrowth, wherein said antibody molecules immunoreact with a CT 
polypeptide substantially homologous to at least a portion of the protein identified as 
SEQ ID NO 2 herein. 

22. The composition of daim 21 , wherein said antibody molecules also 
immunoreact with cytotactin. 

23. The composition of daim 21, wherein said antibody molecules are 
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monoclonal. 

24. The composition of claim 21 , wherain said antibody molecules are 
polyclonal. 

25. The composition of claim 21 . wharein said CT polypeptide Is selected 
5 from the group consisting of: 

SEQ ID NO 5: 
SEQIDN0 6: 
SEQ ID NO 7; 
SEQ ID NO 8; 
10 SEQ ID NO 9; and 

SEQ ID NO 10. 

26. The composition of claim 21 . wherein said CT polypeptide is selected 
from the group consisting of CTf n3. CTf n6. and CTf n3-6. 

27. An antibody composition comprising anti-{CT idiotype) antibody 
15 molecules capable of stimulating neurite outgrowth. 

28. The composition of claim 27. wherein said anti-(CT idiotype) antibody 
molecules have an activity substantially similar to that of a polypeptide substantially 
homologous to at least a portion of the protein identified as SEQ ID NO 2 herein. 
Wherein seid polypeptide comprises not more than 250 amino acid residues in length. 

20 29. The composition of claim 27. Wherein said anti-(CT idiotype) amibody 

molecules heve an activity substantially similar to that of a polypeptide selected from 
the group consisting of CTfnS, CTfnB. and CTfn3-6. 

30. The composition of claim 27. wherein said anti-(CT idiotype) antibody 
molecules are monodonel. 

25 31 . A method for preparing a solid support useful in promoting neuronal 

cell growth end elongation, comprising coating or Impregnating said solid support 
v«th a biological material including a cytotactin derivative capable of promoting seld 
growth and elongation. 

32. The method of claim 31 . wherein said biological material comprises a 

30 bioabsorbabla biopolyrher. 

33. The method of claim 31 , wherein said solid support is selected from 

the group consisting of: 

a porous tissue culture insert; 
a prosthetic device: 
35 en implant; and 

a suture. 
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34. The method of claim 31 , wherein said solid support comprises a 
bioabsorbable biopolymer. 

35. The method of claim 34, wherein said biopolymer comprises one or 
more nnacromolecules selected from the group consisting of collagen, eiastin, 
fibronectin, vitronectin, laminin, hyaluronic add, chondroltin sulfate, dermatan 
sulfate, heparin sulfate, heparin, fibrin, cellulose, gelatin, polytysine, echinoneetin, 
entactin, thromboispondin, uvomorulin, biglycan, decorin, and dextran. 

36. The method of claim 31. wherein said biological material further 
comprises at least one attachment factor. 

37. The method of daim 36, wherein said attachment factor is selected 
from the group consisting of collagen (all types), fibronectin, gelatin, laminin, 
polylysine, vitronectin, cytotactin, echinoneetin, entactin, thrombospondin, 
uvomorulin, biglycan, chondroltin sulfate, decorin, dermatan sulfate, heparin, and 
hyaluronic add. 

38. An assay kit for the detection of tumors, comprising, in an amount 
suffident to conduct at least one assay, an anti-cytotactin antibody. 

39. A method of detecting a tumor, comprising: 
obtaining a flujd or tissue sample from an individual; 

admixing said sample with a predetermined emount of an anti-cytotactin 
antibody to form an admixture: 

maintaining said admixture for a time period sufficient to allow said antibody 
to immunoreact with any cytotactin or fragments thereof in said sample, to form an 
immunoreaction product: 

assaying for the presence of said immunoreaction product: and 

comparing the amount of immunoreaction product assayed with a control, 
thereby determining whether an excessive emount of cytotactin is present in said 
sample. 

40. A site-specific anti-CT antibody capable of inhibiting metastasis in an 
individual. 

41 . A polypeptide capable of inhibiting metastasis and angiogenesis in an 
individual via modulating cell attachment to cytotactin. 

42. A cell culture system, comprising a substrate with a cell adhesion 
factor attached thereto. 

43. The system of daim 42, wherein said adhesion factor comprises a CT 
derivative. 

44. The system of daim 43, wherein said CT derivative is selected from 
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the group consisting of: 
SEQ ID NO 2; 
SEQ ID NO 4; 
SEC ID NO S; 
SEQ ID NO 6: 
SEQ ID NO 7; 
SEQ ID NO 8; 
SEQ ID NO 9: and 
SEQ ID NO 10. 

45. A method of inhibiting cytotactin binding to neuronal ceUs in a 
patient, comprising administering to said patient a physiologically tolerable 
composition comprising a therapeutically effective amount of a CT derivative. 

46. The method of claim 45, wherein said CT derivative is an antibody. 

47. The method of claim 45, wherein said therapeutically effective 
amount is an amount suffidsnt to produce an intrevascular concentration of antibody 
in the blood of said patient in the range of about 0.1 to 100 //g/ml. 

48. The method of cloim 45, wherein said CT derivative is an anti-ICT 
idiotype) antibody. 

49. The method of daim 45, wherein said CT derivative is a CT 
polypeptide substantially homologous to at least a portion of the protein identified as 
SEQ ID NO 2 herein. 

50. The method of daim 45, wherein ssid therapeutically effective 
amount is an amount suff ident to produce an intravascular concentration of CT 
polypeptide in the blood of said patient in the range of about 0.1 to 100 micromolar. 

.51. The method of daim 45, wherein said neuronal cells are fibroblasts or 



52. A composition comprising a therapeutically effective amount of a CT 
derivative In a pharmaceutically acceptable excipient, wherein said effective amount 
is an amount suffident to inhibit cytotactin binding to neuronal cells. 

53. The composition of daim 52, wherein said CT derivative is a CT 
polypeptide substantially homologous to at least a portion of the protein identified as 
SEQ ID NO 2 herein. 

54. The composition of daim 52, wherein said effective amount is at 
least 0.1 weight percent of CT derivative per total weight of said composition. 

55. The composition of claim 52, wherein said CT derivative is an 
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56. The composition of claim 55, wharein said antibody is an anti-(CT 
idiotype) antibody. 

57. A method of assaying the amount of cytotactln in a fluid sample, 
comprising the steps of: 

a. admbdng a fluid sample vdth an anti-CT antibody to fonn an 
immunoreaetion admixture; 

b. maintdning said admbcture for a time period sufficient to form a CT- 
contalning immunoreaetion product in a solid phase; and 

c. determining the amount of product formed in step b. 

58. The method of claim 57, wherein said antibody is a monoclonal 
antibody. 

59. The method of daim 57. wharein said antibody is capable of 
immunoreacting with CTfn3. 

60. The method of claim 57. wherein said antibody is capable of 
immunoreacting with CTfn6. 

61 . The method of claim 57, wherein said determining step c comprises 
the steps of: 

(1) admixing said CT-containing immunoreaetion product in the solid 
phase with a second antibody to form e second immunoreaetion admixture 
having a liquid phase and a solid phase, seid second antibody having the 
ability to immunoreact with said CT-containing immunoreaetion product; 

(2) maintaining said second reaction admixture for a time period sufficient 
for said second antibody to immunoreact witii said CT-containing 
immunoreaetion product and form a second immunoreaetion product in said 
solid phase; and 

(3) determining the amount of said second sntibody present in said second 
immunoreaetion product, thereby determining the emount of CT-containing 
immunoreeetion product formed in step'c. 

62. A competition assay method for assaying the amount of cytotactln in 
a fluid sample, comprising the steps of: 

a. forming a competition Immunoreaetion admixture by admixing a 

vascular fluid sample with: 

(1) an anti-CT antibody composition containing antibody 
molecules that immunoreact with cytotactin and with a CT 
polypeptide substantially homologous to at least a portion of the 
protein identified as SEQ 10 NO 2 herein, wherein said entibody 
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molecules are attached to a solid matrix, such that said competition 
immunoreaction admixture has both a Uquid and a sofid phase; and 
(2) a polypeptide immunoreactive with said antibody, wherein 
said polypeptide is labeled; 

b. maintaining said compethion immunoreaction admixture for a time 
period sufficient to form a labeled immunoreaction product in said solid 
phase; and 

c. determining the amount of labeled immunoreaction product formed in 
step b. thereby determining the amount of cytotactin present in said sample. 

63. the method of daim 62, wherein said antibody is a monoclonal 
entibody. 

64. The method of claim 62, wherein said antibody is capable of 
immunoreacting with CTfn3. 

65. The method of daim 62, wherein said antibody is capable of 
immunoreacting with CTfn6. 
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Croup I, cUimd) 1-9. drawn lo cytotaclin (CT) prtilcins and pc|«ide«. 
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CT polypeptides: CUinu 13-15 
AmHCT-U) antibodies: Claim 16 

The following dainu are generic: Cbims 10-12. 17-20. 31-37 

Group m. claim(s) 21-26 and 40. drawn to anU-CT antibodies. 

Group IV. cUim(s) 27-30. drawn to anU-(CT-ld) antHmdics. 

Group V. cU'un(s) 38. drawn to an assay kU for the dclcctiim of tumors. 

Group VI. cUim(s) 39. drawn to a method of detecting tumors. 

Group VII, cUim(s) 41. drawn to a polypeptide thai moduliiies cell atUchment to CT. 

Group VIII. cUim(s) 42-44. drawn to a cell cuUurc system. 

Croup IX, claim(s) 45-51. drawn to an in vivci metliod that inhibiu neuronal cell binding. 

This graup coiuains cbims directed lo more than tme species of the generic invention. These species are deemed to 
lack Unity of Invention because ihey ate mit s<i linked as ui form a single inventive coiicepl under PCT Rule 13.1. In 
order for more than one species lo be examined, Ihe ai^fiipriate additional examination fees must be paid. The species 
are as follows: 



Anli-CT amSxidies: Cbims 46-47 

AiaHCTAd) antibodies: Cbim 48 

CT polypeptides: Cbims 49-50 

The foUowing claims ace generic: Claims 45 and SI 

Group X. claim(s) 52-56, drawn lo a composiliim lo inhihU CT binding lo neuronal cells. Thu group conuins cbims 
directed lo more than one species of the generic invention. TlMSic species are deemed to bck Unhy of Invention 
because Ihey are not so linked as in fonn a single inventive cincciH under PCT Rule 13.1. In oixler for more than om 
apeciea to be examined, U»e appropri:ile additional examin.-itt<in fees must be paid. The species arc as folkiws: 

CT polypeptides: Cbims 53 

Anti-CT antibodies: Cbim 55 

AnlHCT-Id) antamdies: CUira 56 

The following cbims are generic: Cbinw 52 and 54 
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Group XI. claim(s) 37-61 . drawn lu a dinxt autay rocdxHl fur CT. 
Graiip Xll, cbim(s) 62-65. «lfawn to cninpctUnui asxay nK-tluitl fur CT. 

The inventioiu tistcd as Cmups i-XII do not ixdate lu a xinylc inventive ciiocept under PCT Rule 13.1 because, under 
PCT Rule 13.2. (hey bck the name or cumaponding ipocial technical Tcaturc* for the following leaiona: 

The CT polypeptidea of Croup I are materially and fonctiiinally dilEerent and dintioel proteini than the antibodiea of 
Groupf III and IV. Purthennuiv, ahboueb both the proteini of Groupi III and IV are antittodiea. they have diirerent 
binding tpeeirteitiea and primary itructuivi. and are therefore materially and fonctionally diflierent aj " ' 



16 another. Structurv and function arc the special technical features that identify proteins and antBiodies. and 
these are not (he same or cnrrcspondinf; for these gruupi. 

lite protein of Group I n ntit used in or produced by the ounposiliims or methods of Groups V. VI. and XI. 

The proteins of Group I or tlic anti-{CT-ld) aiuibodics of Gniup IV may be used as adhesion (actors in the cell cultufe 
system of Croup VIII; hnvvcvcr. Gmup VIII further requires in vitni methods and materiata and that the adhesion 
£Mton must have the functional chaiactcriitic that ihcy pnnnittc cell atuchment. Therefore, Group Vlll has distinct 
ipeMi technical icaturcs that arc nan shared by Gnwps I and IV. 

The protons of Group I. the antibodies of Group 111, the anti-(CT-(d) antibodies of Croup IV. or the eomposiliooa of 
Group X may be used in the methods of Group IX: however, lUe method of Group IX fuither requires in vivo methods 
and materials that define the special technical feature of Gniup IX and which are diflerent from the special technical 
featurea of Groups I. HI. IV or X. 

The proteins of Croup I. the antibodies of Gmup III. or lhcanti-{CT-ld) antibodies of Group IV may be ua«d in 
eompoaitiooa of Group X; hmvcver. the compositions of Group X must have the functional characteristic of inhibking 
iteurtmal cell binding, which provides (he special technical feature of Croup X and distinguishes k from Croups I. Ill 
and IV. The proteins of Group I may be uiscd in the cnmpctilinn assay method of Group XII: however. Group Xll 
require* other materials and methods that dcflnc iu special technical feature and which are not ahared by the special 
technical feature of Group I. and thus distinguishes Group Xll from Group I. 

The bkMbspibable matrix, which is the special technical feature uf Group II. is a materially and functionally difrertnt 
composition from the proteins of Groups I. III. IV and VII. The proteins and antibodies of Groups I and IV may be 
used in the compositioa of Croup II; however. Group II requires a bioabsori>able matrix that defines iU special technical 
feature and which is not shared by the special technical features of Groups I and III. 

The composition of Croup II is not used in or produced by tlie compositions or methods of Groups V, VI. and VIII-XII: 

The antSMdies of Group III may he used in the assay kit of Group V; however, the assay kit requires other materiala 
that deTuie iu special technical foalure that are luit required for Group 111 and thus distinguishes them one from the 
other. 

The antibodies of Group III may Ih; used in (he methods of Groups VI, XI and XII; however, the methods of Groups 
VI, XI and XII require otitcr materials and process steps llu( do not share the spccbl technical feature or Group III and 
thus distinguishes Group III fitmi the methods of Groups VI. XI and Xll. 

The antibody of Group III is mit used in (he cora|«»ii(iiin uf Gmup VIII. 

The tnti-(CT-Id) antibody of Group IV is not used in or ppHluced by the compositkins or methods of Groups V, VI, XI 
orXn. 

The assay kit of Croup V is not used in the ciiinpnsitions nr methods of Croups Vll-Xll. 

The polypeptide of Group VII may be a CT derivative, and thus could l>e part of Groups I, III or IV; however, it is 
defined by characteristics thai distinguish it from those gmups and thus it is functionally different and distinct from any 
of these three groups. The pnlypqitidc of Group VII muxt liavc tlie ability of the polypeptide to inhibit angiogcnesis and 
metastasU through modulation of cell attachment Ui CT. Thtiii. Croup VII has a dlttinct special technical feature that is 
not shared by Croups I, III ur IV. 

The polypeptide of Group VII is not used in the method.'! ur compositions of Groups VIII-XII. None of the methods of 
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U»»r «ta«Uon of C"«^P /«• "lhJ...,ns mcu«a.„ of Gn.up IX. Uu: dinxt a««y method for CT of Gmup XI or Ihe 
~«peu.»., «s.y mcUKHl f..r CT «f Cmup XII .han: a Uvhnical fcuu« with any olhcr cn».p ijruu: 

melhod u drnmcuuheJ fn.tn ach of Ihc other, hy iu unique pr.HX-« «cpx. 

None of Ihe composUion, of Cmup. VII. VIII. or X arc ukcJ in Ihe mclhod of Cn«.p VI. 

'^^.^^IV'^v"^ ?' "u"^"^ composilion. of Group. IX-XII. TTu: W,lbiu«y 

polypeptide of Croup Xumrtujcd in the mcUMHh of Giuups XI or XII. « "wioBoiy 

TTie species listed .bovc fi,r Groups H. IX and X At n.tt iwhic U. » snrnk inventive concert under PCT Rul, n i 
be-.-., under PCT RuW .3.3. the specie, .c. the „.„c or «.m»poX .TS ^^jTrT^r^ flLL^ 

•me specie, do not relate to a sinjlc inventive concept f..r the «me nason. «. giveo .hove for Group. I. IV. and V. 

Aceofdinfily. the ebims arc n<M «. linked by a s|«cul technical feature within Ihe meuine of PCT Rule 13 •» «> m to 
bam * smgle inventive concept. "is oi i nuie i j„ m u to 
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